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UDC 551.(509.313:584.5)
NUMERICAL MODELING OF URBAN MICROCLIMATE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 5-15

[Article by Academician USSR Academy of Sciences G. I. Marchuk, Doctor of
Physical and Mathematical Sciences V. V. Penenko and Candidate of Physical
and Mathematical Sciences A. Ye. Aloyan, G. L. Lazriyev, Computation Center
Siberian Department USSR Academy of Sciences and Transcaucasian Scientific
Research Hydrometeorological Institute, submitted for publication 1 December
1978]

Abstract: The article gives a numerical model of the
microclimate of large cities, based on a model of
atmospheric processes. The authors give an example
of the modeling of the microclimate of a city typic-—
al for the middle latitudes and situated in lowland
terrain for t .e summer season. The contribution of
different fa tors to the formation of a heat island
over a city is analyzed.

[Text] It is well known that the climate of a city differs from the climate
of the surrounding area [9, 10, 12]. Numerous measurements of air tempera-
ture in a city and in its neighborhood show that a city is almost always
warmer, The temperature difference /AT between a city and its neighborhood
sometimes attains rather high values (more than 10°C). In the literature
this phenomenon is called an urban heat island (HI). It was found that a

HI is expressed particularly well at night, in windless and cloudless weath-
er. The intensity of a HI is also dependent on the season of the year, on
geographic latitude, on the population of the city, etc.

Urban built-up areas exert a strong influence on the external wind. Accord-
ing to [9], the wind velocity in the lower 500-m layer over Moscow is 1-3
m/sec less than in the outskirts of Moscow. On the average the wind velo-
city in the city is 20-35% less than in the outskirts [10]. The city also
changes other meteorological characteristics, such as relative humidity,
the frequency of recurrence of fogs, the number of cases of falling of pre-
cipitation and its intensity, the intensity of solar radiation, etc.
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An important role in the formation of urban microclimate is played by ar-
tificial heat flows, forming due to the operation of industrial enter-
prises, heating systems, auto transportation, etc. With time their influ-
ence will be intensified, since according to the data of the WMO world
energy consumption is increasing on the average by 6% yearly. In some
large cities, especially those situated in the high latitudes, which are
reached by little solar energy, the quantity of heat released during the
year is comparable with the quantity of solar radiation absorbed by the
earth. For middle-latitude citlies this factor is especially important in
- winter. For example, in Moscow the winter temperature is higher than in
the suburbs, despite the fact that the radiation balance in Moscow is
less than in the area surrounding Moscow.

In the opinion of many researchers [9, 12, 17], the following fundamental
factors exert an influence on the formation of urban climate:
—-- the urban built-up area, whose influence on the external wind is mani-
fested through an increase in the roughness of the underlying surface;
-~ the difference in the thermophysical properties of the underlying sur-
face in the city and in the neighborhood}

- -~ artificial heat flows;
~-- mechanical withdrawal of precipitation and a decrease in the freely
evaporating surface in the city;
-~ air contamination.

In addition to these factors, we should also mention albedo, which for a
city during the course of the entire year is less than for a rural area.

_ This is evidently attributable to the presence in the city of dark construc-
tion materials, with the contamination of snow and with its removal from
the streets in winter, etc.

During recent years, together with experimental investigations, much at-
tention has been devoted to the mathematical modeling of the microclimate
of large industrial centers [11-14, 16-19], and this is natural because
the concentration of industrial plants and transportation facilities in
cities and densely populated regions has the result. that cities more and
more are feeling the negative influence of industrialization. The authors
of [13, 16, 18-19] describe the results of numerical modeling of the micro-
climate of cities such as Montreal [13], Saint Louis [18], Tokio [16] and
others, In these studies for the most part there was an investigation of
the influence of some definite factor on the climate of a city. For ex-
ample, in [13], on the basis of a two-dimensional model, a study was made
of the influence of a HI on variations of the roughness parameter and an
artificial heat flow at nighttime under winter conditions. In [19], also
using a two-dimensional model, a study was made of the dependence of a
nighttime HI on atmospheric stability and velocity of the geostrophic
wind. We should mention [14], in which a study was made of a one-dimen-
sional model, but for the first time use was made there of the heat bal-
ance equation for determining the temperature of the underlying surface
in a city and in a rural area. Three-dimensional models were described

in [11, 16, 18]. In [18] a study was made of the dependence of the

2
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microclimate of Saint Louls on the velocity and direction of the external
wind with stipulated AT. Reference [16], also with stipulated AT, gives
a study of the dependence of the wind field on the HI in Tokio, taking
into account the real shoreline in this region.

In this paper we describe a numerical model for study of the microclimate
of large cities. First of all, we will examine the hydrodynamic aspects
of the microclimate problem —- the interaction of an air mass with the
underlying surface, the formation of a heat island and local circulations
against the background of an external flow. The splitting method [5] is

- the methodological basis for constructing a numerical model.

1. The system of model equations has the following form [8]:

' . ’ 6 9%, o )
%"l— + divun = — %--{—).0 0;_ ~ v o -0—‘;—+Au. €8]
o' - ’ vqs 00 B [ ov
‘dd—t-}-divu’vz—%-q‘—m‘} —o-;——-lu +5 v"-?;?--{-A’U, (2)
oy L , , 9% , a8 [ a9 ,
T%—dlvuﬁ :—S(w +u —ax—+'u ’o_y')'*'_d'z— vy T-*—AD
, (3
- —u’ﬁ:—-v’eya}-—;f-d)-f-(),,
d' 0Q (., 93 N SR . .
‘WTd‘V"4=——oz—(w+”'W+” o)+ o er T »
’ ’
_uQx—‘vQy—d)v (5)
' oy
o —
du’ (6)

gy’ dw’
ot ot =0

u=U+u,v=V4+v, w=W+w, 0=0+L¥, 9=Q+¢’,
r=I14+r’,

A 0~ 0 a ~ 9

(= f+ A
Here t is time, x, y, z are curvilinear coordinates; x, y are mutually ortho-
gonal and are directed along the relief, z = z1 - §(x, y), 21 is elevation
above sea level, the equation z1 = §(x, y) describes relief, U is the wind
velocity vector, u, v, w are its components in the directions X, Y, 2 re~
spectively, A, f,L S are the convection, Coriolis and stratification

parameters, ﬁl, P2 are the horizontal turbulence coefficients, Yo,
yy are the vertical turbulence coefficients for momentum and heat, 1 1is

3
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potent:ial temperature, q is specific humidity, 3 is a value proportional

to pressure, U, V, W, 8, Q, T are the background values of the meteor-
ological fields, u', v', w', 9', q', M ' are deviations from the background,
B, ‘9y and Qx, Qv are the horizontal gradients of background potential
temperature and background specific humidity, Ly is the latent heat of evap-
oration, c, is the specific heat capacity of air at comstant pressure, P is
the rate og formation of the liquid phase, Qr is the radiation component

of the heat influx.

In order to describe the surface layer we use the following system of equa-
tions:

w2 =i 6,0« L=po ) (p=b, g N

l=ufy G P—po=pofy (G %) =1

v Zu s %
Ay R ey A (8)
U, 1z ) o= u, % h . 9 ¢ h [ = ui"
aw UhEgmy UEe ) b= Le g 9
where [ VI = VuZ + vZ is the wind velocity modulus, ux is friction velo-

city, 3 %, Q& are the scales of potential temperature and specific humid-
ity, » is the Karman constant, Zuy, z¢ are the roughness parameters for
wind and temperature, h is the height of the surface layer, the subscripts
0 and h denote the meteorological fields when z = z§ and z = h respective-
ly), 1L is scale length, £ is dimensionless length, ¢4, fi are continuous
universal functions [4]. The initial conditions are stipulated in the fol~
following form [8]:

W=v'=0, ¢'=0, =0 when t = O, (10)

The system is solved with the following boundary conditions [8]:

. dv’ 9% og’ when x = +X (11)

or =0 G5 =0 =0 Z=o0 ’
A’ o _ a9V oy when y = £Y (12)

ay O, —@-—0, —v—_.o, —y:o ’
w=0 v=0, ¥=0, g =0 =0 when z = H, (13)

w=0. & _t’_{lz %_(Ch) u }l_ﬁi _
92 o Julin L) | g "0z
9y (%n)

o (P —pa) when z = h,. (14)
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llere 1l is the height of the boundary layer of the atmosphere, X, Y are
- the lateral boundaries of the region.

Over the water 80 and q@ are considered stipulated:
90=80, Go=4q (80). (15)
Over the land the qp function is computed using the formula
Go="10¢ {%0), (16)

where )?0 is relative humidity, assumed to be a known function of x, y and
t, qy is saturating specific humidity, which is computed using the Magnus
formuia [6].

For determining temperature at the ground surface we write the heat balance
equation

G.r'—‘Pcp ( Yy _(’d—:‘>“ —appl, ( i) ‘374)0'—'10 (1 — A "'IJ_FJ' (17)
where G = )\S(a T/ z)g 1s heat transfer through the surface z = 0 (the sub—
script s denotes values when z = 0), ,As is the heat conductivity coeffic-
ient, Ag is albedo, T is absolute soil temperature, P is air density, Fg

is effective long-wave radiation [6], ar is a dimensionless coefficient,
making it possible to take into account the fact that at different points

on the underlying surface an unlike quantity of heat is expended on evap-
oration (condensation) as a result of its inhomogeneity, IO is short-wave
solar radiation, which is determined using the Albrecht formula 2], Ig(x,
y, t) is a function describing the flow of heat which is released in the
process of production and consumption of energy in a city.

The problem of taking into account artificial heat flows in models of urban
microclimate for the time being remains open [13-14, 17]. A release of
thermal energy into the atmosphere is possible either in the form of real

- or in the form of latent heat, and depending on this, different methods
for its parameterization are possible. In this model the artificial heat
flow, by analogy with [14], is taken into account as an increment to the
radiation heat influx.

Under calm conditions the temperature drop between the levels z = 0 and
z = zy caa attain rather large values. Accordingly, in solving equation
(17) it is desirable to use a known semi-empirical parameterization for-
mula for a viscous sublayer [3, 15]

s — B, = 0.0962 b, (u, 2,/0)045, (18)
where Vv is the kinematic viscosity coefficient for air.
Then the solution of equation (17) is written in the following form [4]:

5
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l‘)u:'(ﬂo "*'D‘-'\)h),‘.“ -+ 5), [3:-‘ 5F, (19)
19

where

C=Ac, + (B + 4 (Fy Ty \0'09? & (L Mz, )0"5.

’

~ 4
Yo = 9=1 + F[-/o (1—A,)-Fi-'—8 (0,414 I+ YK, 'rsl—")] +

n=2
+ (Gh—gf") AFL, + AFL, p (3}~ — W), A=pc,e| V),
B=2 Nj(Km3 ), Ky=1, K,=(n +F D=2 2 (g — 1y

when n> 1.

The expressions for (v and F were given in [4]. The remaining notations are:
Kg is the soil thermal conductivity coefficient, c,, cg are the friction and
heat transfer coefficients, /\ t is the time interval, 'Eé‘n = (Tg”“ -T)

is the_temperature deviation of the underlying surface from its méan daily
value T at the time t = (j - n)A t.

On the basis of '80, from (17) it is possible to determine {L.

Now we will enumerate the principal input data necessary for modeling the
microclimate of specific cities:

- geographic coordinates and plan of the city;

-- local relief;

-- characteristics of the underlying surface: roughness parameter, relative
humidity, aibedo, mean daily temperature, heat and thermal conductivity
coefficients for the soil; distribution and intensity of artificial heat
sources; thermal stratification of the background atmosphere and the values
of the background fields of meteorological elements: temperature, specific
humidity and components of the velocity vector.

All the values stipulated at the input information level are functions of
space coordinates. The background values of the meteorological elements

for prognostic purposes are obtained from models of large-scale atmospheric
processes and in solution of problems in a diagnostic regime are stipulated
using the results of processing measurement data for the real atmosphere.

2. As an illustration we will consider the example of modeling of the micro-
climate of a city for summer. Figure 1 schematically illustrates the plan

of a city whose boundaries are encompassed by a dashed line whereas the

most densely built-up areas are surrounded by a thick line and shaded. We
will assume that the city is situated in the middle latitudes in a lowland
area. A river divides the city into two parts and the sea (lake, reservoir)

6
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Is situated alongside it. A considerable part of the territory is occupied
by green plantings, for the most part pine forest typical for the middle
laritudes (grid points of intersection with circles), whereas the remaining
area can be regarded as rural, characterized by scattered one-story build-
Ings, low shrubs, fields, etc.

0 9 8 27 36 XKM
Fig. 1. Schematic plan of city.

Table 1
Parameters of Underlying Surface
' 5 | 104, Y 6 7] 8
MccTHocTb " " il Kas A, o kar a;
oK M-cex-°C M.cex
] 5 »
2 Topox ‘ 1 ' 0,01 125 062 02 Tt 0.25
3 Ceno 0,1 0,01 5 | 02 0,3 0 1
4 Bop { 05 | ool 5 0,26 0.4 0 1
KEY: '
1. Area (land use) 5, m2/sec
2. City 6. cal/m’sec:°C
3. Countryside 7. cal/m2-sec
4. Forest 8. a .

For the computations we used a numerical scheme, constructed by analogy
with [7~8] with some modifications taking into account the specifics of

the model. All the numerical experiments described below were carried out
with the following values of the input parameters:

X =Y =21,375 km; h = 50 m; H = 1650 m; At = 1200 sec; Ax = Ay = 2250 m;
Az ={100 m when z <300 m, 150 m with 300 m<z <1650 m{; A= 0.035 m/(sec?-
K); L = 107% sec—1; fiy = dy = 1000 m%/sec; x= 0.35; S = 3.10-3 K/m; cp =

10.24 cal/(g*K); Ly = 530 cal/g; p= 1300 g/m3; v= 15:10-6 m2/sec; T = 300

K; 90 = 295°K,

The remaining values of the parameters are given in Table 1. The function
I(t) in this table is determined in the following way:

7
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7”1—’5475m[“““6”mL if 6Kt <24 (t 4n hours)
s for other times

The zy parameter for a city is assumed equal to 1 m, which corresponds to
~ a built-up area with a height 20-30 m, whereas for a rural area and the for-
est we took values typical for such land use areas [3]. The Ag, Ag, Kg val-
ues cited in the table are frequently used in similar computations [13, 14];
we ncte only that in the city these correspond to sandy-stony materials,
whereas in a rural area and in a forest they correspond to moistened soil,
For an approximate allowance for the additional reflection in the forest
Ag was assumed to be 0.1 greater than in the rural area. The Ig and a, val-
ues are characteristic for large middle-latitude cities [13-14, 19]. As z
we used the micrometeorological values of the roughness parameter. In the
computations it was assumed that $=0, Q, = 0, & (x,¥) = 0. The vertical
turbulence coefficients, relative humidity and background temperature and
specific humidity fields were stipulated the same as in [8].

Y .-
[

Say Lo

t v hours

Fig. 2. Diurnal variation of the temperature difference between the points
Acity=Bryral (s0lid curve) and Acity=Drural (dashed curve) at a height of
2 m (a) and difference in intensities of HI in main and auxiliary experi-
ments (b).

Yrul” o

30

Fig. 3. Temperature distribution (°C) at a height of 2 m for t = 4 hours (a)
and vertical velocities (cm/sec) at a height of 500 m for t = 14 nours (b).

Experiment 1. It is known that under calm conditions, especially at night-

time and in the early morning, when surface inversions are frequently ob-

served, there is an increase in the danger of atmospheric contamination by
8
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harmful substances [1]. Accordingly, it is of interest to examine the case
of the absence of a background wind, that is, when V = 0 and the micro-
climate of the city is formed only due to the influence of local inhomogen-
eities of the underlying surface.

Zm
460
200 +
0 ,
10 20 30 40 0 10 20 0 YuM
Fig. 4. Vertical structure of HI (°C) in 13.5 km for t =14 hours

(a) and for t = 4 hours (b).

R
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0 X KM

Fig. 5. Pattern of local circulation for t = 12 hours in sections z = 50 m
(a) and z = 1400 m (b). The maximum vector corresponds to a value 6.2 m/sec
(a) and 1.5 m/sec (b). '
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‘Fig. 6. Isolines w (cm/sec) in section x = 13.5 km for t = 14 hours (a) and
for t = 2 hours (b).
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It follows from the results of numerical experiments that in this case the
temperature in the city is almost always higher than in the outskirts, ex-
cept in a small time interval after sunset (2031 hours). As indicated in
Fig. 2a, which shows the diurnal varfation of the temperature df Fference

at a height z = 2 m between a point of grid intersection Acity in the clty
and points Bryral (solid curve) and Dyyp,; (dashed curve) in a rural area,
AT is dependent on the relative positioning of these points. Under the in-
fluence of the sea at the point Dyyra] at nighttime there is a lesser cool-
ing than at Byyral. Both curves have two peaks: one near midday and the
other at nighttime, prior to sunrise. Beginning with sunrise (0441 hours)
the rural area begins to be heated more intensively than the city and this
leads to a decrease in /AT. The transverse lines on the curves indicate

the values for times corresponding to sunrise and sunset and the longitud-
inal lines correspond to the moments in time when the function changes sign.

Figure 3a shows the temperature field at a height of 2 m at the time 0400
hours when the HI intensity attains a maximum. It follows from this figure
that the central parts of a city on the average are 3° warmer than the sur-
rounding territory.

Now we will examine the vertical structure of the HI in the section x = 13.5
km for 1400 hours, when the "heat dome" over the city is particularly clear-
ly expressed (Fig. 4a). The shaded region on the y-axis represents the city
and the wavy line represents the water surface. It can be seen that its own
"dome" is formed over each part of the city., These domes are destroyed

with height and seemingly are joined into one common dome whose height at-
tains 600 m. Despite the fact that AT at the 2-m level at nighttime is
greater than durlng the daytime, the height of the "dome" at nighttime is
less (Fig. 4b). This is evidently attributable to difficult turbulent mix—
ing due to the inversion which is formed both over the city and over the
rural area approximately 2-3 hours after sunset. After forming, the inver-
sion gradually intensifies and directly prior to sunrise attains a maximum
value over the city of about 1°C at a height of about 100 m, whereas over a
rtural area it attains approximately 3°C at a height of about 200 m. Beginn~
ing with sunrise the inversion weakens and is destroyed over the city some-
what earlier than over a rural area.

The heat island stimulates a local circulation which in the lower layers is
directed toward the most heated sectors of the city. Over densely built-up
regions two zones of convergence of air masses are formed in whose region
vertical currents and temperature assume maximum values. Under the influ-
ence of a sea breeze, whose velocity attains 6 m/sec, such zones in other
parts of the city are absent. Turning to the right with height, the wind
above 1000 m changes its direction to the opposite in comparison with the
surface direction. -An antibreeze with a maximum velocity of 1.5 m/sec cor-
responds to the breeze.

At nighttime the flows, like during the daytime, are directed from the cold

sectors of the terrain to warmer sectors, but convergence zones are no longer
formed. Since the temperature contrast between the rural area and the sea
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fs greater than the intensity of the HI, there is a predominance of trans-
fer in the direction of the sea. The maximum velocity of the well-express-~
¢d shore brevze Is 2 m/sec at 0400 hours.

Figure 5 shows the vector fields of wind velocity at the levels z = 50 m
(Fig. 5a) and z = 1400 m (Fig. 5b) at midday. The arrows with the square
ends correspond to small velocity values.

The vertical currents over the city are always positive. They attain the
greatest values during the daytime, at the time of maximum development

of circulation at a height of about 500 m (Fig. 3b). At nighttime the ver-
tical currents are an order of magnitude less than during the daytime.
Over water surfaces descending movements are observed during the daytime,
whereas ascending movements are observed at nighttime.

Figure 6 shows w isolines in the section x = 13.5 km for 1400 hours (Fig.
6a) and 0200 hours (Fig. 6b).

Thus, in the absence of an external wind a local circulation at the center
of the city will favor the vertical transfer of air masses from the lower
layers of the atmosphere into the upper layers, and from there thelr advec-
tion toward the margins of the city.

In addition to the main experiment 1, a series of auxiliary experiments

was carried out in which each one of the physical characteristics corres—
ponding to the city, such as albedo, the roughness parameter, etc. was as-
signed the same value as for the rural area. The difference in the intensity
of the HI in the main and auxililary experiments, the diurnal variation of
which is given in Fig. 2b, was used in evaluating the contribution of dif-
ferent physical processes to the formation of urban microclimate.

Experiment 2. In order to study the influence of urban built-—up areas on
the HI, the z parameter was assigned a value corresponding to rural areas.

At nighttime the attenuation of turbulent mixing in comparison with experi-
ment 1 leads to a decrease in the heat flow from the atmosphere to the un-
derlying surface, as a result of which the temperature near the earth's sur-
face at a height of 2 m decreases, that is, the HI attenuates. During the
daytime, also due to attenuation of turbulent mixing in comparison with
experiment 1, there is a decrease in the heat flow into the atmosphere and
accordingly, the intensity of the HI decreases.

Figure 2b (curve 1) shows that the maximum contribution of the zy parameter
is 0.7 at nighttime and 0.6°C during the daytime.

Experiment 3. It is assumed that the underlying surface in the city has the
same thermophysical properties as in a rural area.

11
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During the daytime, when the heat flow is directed into the soil, due to

a decrease in the heat conductivity coefficient )\s and the flux value Gg

assoclated with it, the underlying surface in the city, in comparison with
_ experiment b, Is heated wmore, and as a result, there 18 an fuercase In the

intensity of the HI. At nighttime the flow is already directed from the

soil and therefore a decrease in Ag in the city leads to a temperature de-

crease of the underlying surface and an attenuation of HI intensity.

Figure 2b (curve 2) shows that the maximum contribution of this factor at
nighttime is 1.3 and during the daytime 1.1°C.

Experiment 4. A case is considered when there are no artificial heat sources.
As indicated by Fig. 2b (curve 3), during the daytime the contribution of

the artificial heat flow is small for the reason that Ig is a small value

in comparison with short-wave solar radiation. At nighttime, despite the
small value (5 cal/(mZssec)), the artificial flow is comparable to the heat
flow from the soil and to the effective long-wave radiation, which are the
basic components in the heat balance equation. Therefore, the contribution
of Ig to the intensity of the HI at nighttime is substantial and attains
1.6°C. Beginning with the time corresponding to sunrise, curve 3 bends
sharply downward.

Experiment 5. It is assumed that humidity processes in the city and in the
rural area are identical. In the heat balance equation ar = 1 1is stipulated,

As indicated by Fig. 2b (curve 4), the mechanical removal of precipitation
and the decrease in the free evaporating surface in the city give a maxi-
mum contribution to the HI during the daytime of about 1°C and at night-
time -~ 0.6°C. During the daytime an increase in heat expenditures on evap-
oration (in comparison with experiment 1) leads to an attenuation of the
HI. In the evening and at nighttime, when the moisture flux is directed
toward the underlying surface, an intensification of the condensation pro-
cess favors heating of the city and an intensification of the HI greater
than in experiment 1 for this same time interval.

- Experiment 6. The albedo of the underlying surface in the city assumes the
same value as for a rural area. Then during the daytime, due to a decrease
in absorbed short-wave solar radiation, the underlying surface i1s heated
less and in comparison with experiment 1 the HI intensity weakens. During
the daytime the maximum albedo contribution is 0.8°C.

As indicated by Fig. 2b (curve 5), a small difference from the results of
experiment 1 is noticeable also at nighttime when albedo plays no role.
This is evidently attributable to the fact that under the influence of a

‘ decrease in albedo during the daytime there is a restructuring of the wind
and temperature fields and from the moment in time corresponding to sunset
the problem 1is actually solved with other initial conditions.

12
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= 3. The results of the numerical experiments qualitatively reflect the prin-
cipal patterns of formation of the hydrometeorological regime over a city.
A comparative analysis of the computations with different input data makes
it possible to draw conclusions concerning the relative role of different
factors of natural and anthropogenic origin. It is obvious that the problem
of the microclimate of cities is of interest not only as a problem in meteor-
ology. A heat island and a system of local circulations in interaction with
the underlying surface and large-scale atmospheric processes constitute a
background against which there occurs, in particular, a transformation of
contaminating impurities. Taking into account the further application of
the numerical modeling method for a study of industrial regions, the model
described in the article is realized in the form of a complex of algorithms
and programs of a universal character, without an algorithmic tie-in to a
specific object. Adaptation of the model for solving specific problems is ac-
complished at the level of the input information. In its structure this
model is part of a project to be carried out at the Computation Center Si-
berian Department USSR Academy of Sciences for studying hydrodynamic prob-
lems cf the environment.
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NUMERICAL PREDICTION OF THE PRESSURE AND GEOPOTENTIAL FIELDS FOR THE NORTHERN
HEMISPUERE WITH ALLOWANCE FOR THE BAROTROPIC BOUNDARY LAYER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 16-23

[Article by Candidates of Physical and Mathematical Sciences L. V. Berko-
vich and V. A. Shnaydman, USSR Hydrometeorological Scientific Research
Center and Odessa Hydrometeorological Institute, submitted for publication
24 October 1978]

Abstract: The article describes the results of
numerical experiments with a hemispherical prog-
nostic model with allowance for the effects of
the planetary boundary layer in prediction of
meteorological elements for 1-3 days in advance.
For this purpose the authors compute the friction-
al vertical velocities by the use of two methods
for parameterization of the boundary layer: a
priori stipulation of the friction coefficient
and determination of the parameters of the baro-
tropic boundary layer. Statistical evaluations
of the success of forecasts are cited, with and
without the boundary layer being taken into ac-
count,

[Text] The purpose of this study is a quantitative evaluation of the dynamic
effect of the planetary boundary layer (PBL) on processes of a synoptic
scale and its influence on the accuracy of numerical forecasts of meteoro—
logical elements. The method used here for parameterization of the baro-
tropic PBL in the prognostic models was described in [3, 4]. Allowance

for the PBL effects was accomplished in a hemispherical prognostic model
constituting a variant of the USSR Hydrometeorological Center operational
model [2] in which for purposes of economy the computation region was re—
duced from 1625 to 1201 points of intersection of a checkerboard grid [1].
The indicated model is based on soluticn of a system of full equations in
hydrothermodynamics. Computation of ver'ical velocities is accomplished

by means of integration of the continuity equation
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do ou _ﬂl_____D
Tc‘“”("é-?+ﬁy)—

from the upper boundary of the atmosphere to the 1000 mb surface using the

formula N 0 ty
w={D()di=[DEQ dl+ g D dr,
i by i (6]

where 4 = p/1000 is reduced pressure, §H is its value at the upper boundary
of the PBL, D is divergence of horizontal velocity.

The, first integral on the right-hand side of formula (1) gives a quantita-
tive evaluation of processes in the free atmosphere and is computed by the
trapezia method using the divergence values at the computation levels of
the model above the PBL: 850, 700, 500, 300, 100 mb.

The second integral in formula (1) is a quantitative evaluation of the PBL
effect and is determined using the theory of the barotropic boundary layer
and employing a formula for frictional vertical currents at the upper boun-
dary of the PBL. z -

v, = — =~ rot <,

! 7 ' (2)
where 'CO is the vector of near-surface frictional shearing stress, g is
the acceleration of free falling, § is the Coriolis parameter.

. -
Two methods are employed for computing the vector To( Tox foy):

l) Tox = PCDIV| ,

- (3)
tny:pcolvl v
2) 5, =p? cos (2 +8),
Toy =P sin (@ +¥), (4)
or taking into account
- -
- Ve =xx| Vgli sink=1,/[ Vy|;
cost=u,i|V,|;
(5)

.
%o r = p2xY V| (11, cOS @ — v, sina);

Lo
toy = 037 | Vil (1, 8ina+ v, cosay,
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where‘V(u, v) and V (ug, ug) are the vectors of the surface and geostrophic
winds respectively, Cp is the friction coefficient, X= v*[f | ¥, | is the
geostrophic frictio&_coefficient, &« is the angle between V and 6’, reckon~
- ed from the vector Vg counterclockwise, P is air density, ¥ = 0.38 is the

Karman constant.

In computations the Cp value was assumed equal to 1.5°10~3 for the land and
0.5-10-3 for the oceans. For determining ¥ and & we used a method develop-
ed in [4], according to which these values are computed using the Rossby
number;

- Ro=| Vgl -0

and the two stratification parameters:

3 * (Ta— 1y )
M= —é_T" Y 2K
{ l Vg I [ (]

Here zy is the roughness of the underlying surface, determined at the points
- of intersection of a regular grid using the maps cited in [5], &9 =-§ -
3 0 1s the difference in potential temperatures at the upper and lower
boundaries of the PBL, scalable from the difference in potential tempera-
tures at the two lower computation levels for the model (3 gsg, 4 joog) in
accordance with [3], Y, is the dry adiabatic temperature gradient, Yu is
the vertical temperature gradient in the layer between the isobaric surfaces
700-850 mb.

For computation of potential temperatures at the computation levels on the
basis of the geopotential field by means of the equation of statics, the
vertical profile of geopotential is approximated by a third-degree inter-—
polation polynomial for the variable In p with interpolation intervals 1000,
850, 700 and 500 mb.

The computation of vertical currents “ﬁ with the use of the two described
methods for parameterization of the vector o was accomplished in each
time interval. The resulting prognostic fields for surface pressure and
geopotentlal were compared with an adiabatic variant of forecasting and
with actual fields. Numerical experiments were carried out using archives
of routine data for 3-12 June 1976 and 22-31 January 1977 for 0000 and 1200
GMT.

As follows from formula (2), with use of (5) the dynamic effect of the PBL
is determined by the spatial distribution of surface pressure, dynamic vel~
ocity vx and the angle of deviation & . We will examine the vx and &
fields, computed using the initial fields of meteorological elements (diag-
nostic) and on the basis of the results of daily forecasts (prognostic).

An analysis of the resulting fields shows that they are characterized by

a quite great spatial variability. Large vx values (80-100 cm/sec) are ob-
served at the rear of well-developed cyclonic formations; in the central
parts of pressure formations there are values vx = 5-15 cm/sec. The v dif-
ferences at two adjacent points. of intersection in a regular grid on the
average are about 20 cm/sec, whereas the maximum values are 60 cm/sec. The
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diagnestic and prognostic fields of dynamic velocity are in qualitative
agreement with one another, but the discrepancy between them can attain

30 cm/sec. Table 1 gives the mean vx values frr different latitude zones

of the northern hemisphere for diagnostic and prognostic fields. The great-
est mean values are observed in the temperate latitudes; the differences
between the latitude zones and the vx values themselves during winter

are greater; the discrepancies between the prognostic and diagnostic vy do

not exceed 8 cm/sec and are maximum in summer.
Table 1

Mean vx cm/sec and & ° Values According to Diagnostic and Prognostic Data

1ilipor- 2 dunaruoctiveckue | Tpornoctuyeckne || 2Xnarnoctiueckne3liipornoctrueckne
Has 3JoHa,
2pad Vs a U a Uy a Uy a
4 Hwnp 1976 T. 5 lusapy 1977 .
65—90 21 13,7 13 18,7 23 17,2 25 19,0
10—65 24 16.2 18 209 30 22,3 31 222
20—40 17 17,0 16 20,0 20 20,2 21 20,6
20—90 20 16,4 16 20,2 24 20,4 25 21,1
= KEY:
) 1. Latitude zone 4. June
2, Diagnostic 5. July
3. Prognostic
A
Table 2
Distribution of Frictional Currents by Gradations, %
+40 l+(39~20)l+(19—0) 1—(0—19) |—¢20—39)\ —i10
1 PaktHuecKkue
2 Mions — [ 1 53 45 1 -
- 3 Susaps 0,5 2 56 39 2 0.5
4 O6e BriGopin 025 I 1,5 54,5 42 1.5 0.25
- glpornoctuyeckuc
2 tiouw v - — 51 49 — pa
Yunapn e 1 54 43 2 -
Ky s 3, Db nuGoprit I 0,5 52,5 46 1 —
1. Actual 4, Both samples
2. June 5. Prognostic
3. January

The flelds of angles between the vectors of the surface and geostrophic winds
are characterized by a considerably lesser spatial variability than vix. Their
spatial change is associated to a lesser degree with the synoptic situation
and to a great extent is determined by the nature of the underlying surface.
For the continents these angles are 20-35°, whereas for the ocean areas they
are 10-25°, In the O fields it is easy to trace the continent-ocean dis—

_ continuity. Table 1 shows that during the winter the mean & values are
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4-6° greater than in summer, which evidently 1s caused by the different degree
of atmospheric thermal stability.

In a specific synoptic situation the vy and X fields are associated with the
corresponding fields of frictional vertical currents, which to a consider-
able degree match with the distribution of surface pressure. It should be
noted that the spatial fields ¢« f, determined by the PBL method, are char-
acterized by a considerable asymmetry relative to the centers of pressure
formations, in contrast to the frictional currents, computed from the geo-
strophic vortex with a constant a priori stipulated turbulence coefficient.
The maximum ascending currents, in absolute value attaining 80-100 mb/12
hours, are observed in the rear of well-developed cyclones, and the maximum
descending currents ~— 40-50 mb/12 hours are displaced 300-500 km from the
centers of the anticyclones toward the periphery, into the region of in-
creased horizontal pressure gradients.

Table 3

Statistical Evaluations of Success of Forecasts for 24, 48 and 72 Hours

3emas 4 500 x6 iganZ 500 #6 | 3emaa 2| 500 #6

Bapuaut
nporvosa 1 E R E R E R E IR E |R E R

I 244 3 48 « 724
4  AnwaGarnueckni 0,86/ 0,59] 0,8140,65 0.89] 0,55 0,87/0,54| 0,97)0,51] 0,92]0,58
It

5  C xcnoabsosa-
HHEeM xoatp(p‘CD 0,52/0,60] 0,78/ 0,66/ 0,86 0,54 0,84/0,57 0,94/0,58| 0,91/0,60

111

C yyeToM Mero-

6 JTHKH
rIic 0,580/0,64} 0,79/0,66/ 0.83] 058 0,850,61f 0,90/0,60] 0,88]0,63
-1 —0,04/0.01]—0,023{ 0,01}—0.03| —=0,01]—0,:30{0, 03|—0,03|0,07;—0,01] 0,02
11— —0,06{0,05(—0,02] 0.01]—0,06] 0,03]—0,02|0,07|—0,07[0,09j—0,04} 0,05
KEY :

1. Varlant of forecast 4. Adiabatic

2, Surface . 5. Using coefficient Cyp

3. Hours 6. With PBL method taken into account

The fields of frictional vertical currents are characterized by a greater
spatial variability; the absolute differences of the «g values at adjacent
points of grid intersection can attain 80 mb/12 hours. The distributions of
diagnostic and prognostic *¢ are close to one another, but the maximum ab-
solute values of prognostic @ g are 10-15 mb/12 hours less than the diag-
nostic values. According to archival samples, the mean absolute «¢ values
are: diagnostic 20.4 and 21.2 wb/12 hours, prognostic 20.0 and 20.6 mb/12
hours for June and January periods respectivelv.
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Field of surface pressure (1) and field of frictional vertical velocities
(2) at 1200 GMT on 27 January 1977.

Table 2 gives the distribution of frictional currents (mb/12 hours) by grad-
ations. As might be expected, the values of diagnostic wf are observed in a
broader range of gradations; for the January period this range is broader
than for June. The distribution curves are virtually identical for the diag-
nostic and prognostic currents, As an example of the “)f computations, in
Figures 1-3 we show the fields of diagnostic and prognostic Cuf for 1200
hours GMT on 27 and 28 January 1977.

Now we will examine the effectiveness of taking into account the dynamic ef-
fect of the PBL on large-scale atmospheric processes on the basis of stat-
istical evaluations of the success of forecasts. For this purpose for the
inner part of the region of computation of forecasts, including 525 points
of intersection of a regular grid, covering the territory of the Atlantic,
Europe and Western Siberia, we computed the relative errors E and the cor-
relation coefficients R between the actual and predicted changes in surface
pressure and geopotential of the 500-mb isobaric surface. An analysis of
evaluations of the success of the initial data obtained from the archives
shows that among the 20 considered cases of a forecast of surface pressure
at 2400 hours, with the PBL taken into account, in 13 there was a decrease
in E (increase in R)on the average by 0.09 (by 0.08) with E = 0.91 (R =
0.61) for adiabatic forecasts (maximum AE = 0,17, AR = 0.15), in four
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Flg. 2. Actual {a) and prognostic (b) fields of surface pressure (1) and
frictional vertical velocities (2) for 1200 GMT on 28 January 1977.

cases the relative errors and correlation coefficients virtually did not
change, and only in three cases was there a deterioration in the quality
of the forecasts with respect to the relative error on the average by 0.,u6
and with respect to the correlation coefficient by 0.07. Similar differ-
ences between the evaluations of success were obtained for forecasts for
48 and 72 hours in advance. Table 3 gives the mean evaluations of success
of three variants of forecasts for 24, 48 and 72 hours. It follows from
the table that allowance for the PBL in the considered method reduces the
relative errors and increases the correlation coefficients for all fore-
casting times. The success of forecasts with the use of the friction co-
efficient Cp is higher than in the adiabatic variant, but is lower than
the success of forecasts with the PBL taken into account.

Now we will examine a specific example of a 24-hour forecast on the basis
of initial data for 1200 GMT on 27 January 1977. The initial synoptic sit-
uation in Fig. 1, which shows the surface pressure field, is characterized
by the presence of three extensive regions of low pressure: over North Am-
erica, over Europe and over the Pacific Ocean, and also a well-developed
anticvclone over the northern part of Asia with ridges over the polar
basin, central and eastern parts of the Asian continent. In the course of
the considered days there were the following changes in the position and
intensity of the pressure formations: a cyclone over America was intensive-
ly filled, pressure at the center increased by 15 mb and the center of the
cyclone shifted to the northwest a distance of about 1000 km. A cyclone
with two centers over Europe was filled by 10 mb in the region of the west-
erly wind and by 4 mb in the region of the easterly center. The. westerly
center was displaced toward the southeast, and the easterly center --
toward the northwest, in both cases by approximately 1000 km. In the Pac-
ific Ocean cyclone the centers came closer together; the filling of the
westerly center was by 6 mb and the deepening of the easterly center was

by 9 mb. In the anticyclone region the position of the centers virtually did
not change, but the pressure decreased somewhat -~ by 3-4 mb. The ridge
over the polar regions intensified and jcined with a high-pressure nucleus;
the pressure here increased by 7 mb.

The described processes were differently reflected in forecasts with and
without allowance for the PBL. In an adiabatic forecast it was possible

to predict correctly the movement of cyclones over America and Europe and
an intensification of a ridge over the polar basin, but the predicted in-
tensity of pressure formations differs considerably from the actual inten-
sity: in an intensively filling cyclone over America the pressure was re-
duced by 17 mb, in cyclones over Europe —- by 7 and 3 mb, in the centers
of anticyclones over Asia the pressure increased by 2-3 mb. In forecasts
with the PBL effects taken into account these errors in forecasting the
intensity of pressure centers are substantially less.

22

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY

Figure 2 gives the actual and predicted (with the PBL taken into account)
surface pressure charts for 1200 GMT on 28 January 1978. As indicated in
Fig. 2b, the predicted pressure in the cyclone over America was below the
actual pressure by 7 mb, in cyclones over Europe -- by 3 mb; in anticyclones
the difference is 1-2 mb. A less successful forecast of evolution of the
Pacific Ocean cyclone was in the forecasting variant with allowance for

the PBL and in the adiabatic variant. In the variant of the forecast with
use of the Cp coefficient the predicted intensity of the pressure centers
differs by several millibars from the corresponding values in a forecast
which involves use of the barotropic PBL method.

The relative errors E in forecasts of surface pressure in the considered
case for variants with use of the Cp coefficient and the PBL method were
0.05 and 0.08 less than in the adiabatic variant, and the correlation co-
efficients R are 0.03 and 0.07 higher respectively, with Ea and R, values
for adiabatic forecasts -- 0.83 and 0.67 respectively., Surface pressure
forecasts for 48 and 72 hours were more successful than adiabatic forecasts
by 0.09 and 0.13 with respect to E and by 0.06 and 0.11 with respect to R
respectively.

Thus, computation of the velocities of vertical movements at the lower boun-
dary of the atmosphere, with frictional currents taken into account, re-
flecting the integral effect of the PBL, leads to a more correct descrip-
tion of evolution of large-scale synoptic processes in the prognostic model.
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- Abstract: The author investigates the problems
involved in constructing a model of a cloud en-
semble for the purposes of parameterization of
moist convection processes in problems of general
circulation of the atmosphere and long-range weather
forecasting. The investigation is based on observ-
ational data obtained in GATE polygon AB. A vari-
ant of a model of a cloud ensemble is obtained in
which use is made of the ideas of Yanail, Arakawa
and Shubert. The paper gives the results of com-
putations of model parameters using GATE data,

The equations for the cloud ensemble are invest-
igated. The problem is generalized for the case
"of allowance for the solid phase of water in
clouds. ' :

[Text] Recent decades have been characterized by vigorous progress in the
development of meteorology. This has been brought about for the most part
by the introduction of numerical methods. But even today many gaps remain
in our knowledge of atmospheric processes. In order to eliminate these

it is necessary to carry out the attack from two directions: both theoret—
ically, by means of numerical modeling, and experimentally, by the planning
and carrying out of different expeditions for the collection of empirical
data, expeditions such as TROPEKS-~72 and GATE [2, 3]. In the numerical mod-
els there is a cutoft of a part of the spectrum of movements (subgrid
processes) and its influence on the remaining part must be‘yarameterized,
that is, there must be a quantitative expression of the energy redistrib-
ution and momentum redistribution between these parts of the spectrum, Para-
meterization problems are now the most important problems in meteorology.
Poor parameterization of "subgrid" processes is one of the main reasons

for the failures in long-range numerical forecasting, The second reason is
the absence of an approximation of both initial data and the prognostic
equations themselves. True, now-existing parameterization methods for sub-
grid processes make possible entirely successful solution of problems
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relating to general circulation of the atmosphere. In the solution of such
problems the influence of parameterization and approximation errors is con-

- siderably smoothed due to averaging in time. But they exert a substantial
influence on the forecast.

The processing of parameterization schemes in numerical models is frequent-
ly made difficult because the defects of parameterization of any subgrid
process can be compensated by errors in taking into account another factor
and the great computation viscosity of the model.

In experimental polygons we obtain characteristics of the atmosphere which
are a result of interaction of atmospheric processes of all scales, and not
the product of artificial computation viscosity and parameterization errors,
as sometimes is the case in modeling.

This paper is devoted to an investigation of one of the methods for para-
meterization of moist convection on the basis of GATE data.

Many different methods have now been proposed for the parameterization of
moist convection. In the first approximation they can be divided into three
groups. The first group includes convective adjustment (adaptation) methods.
Their idea is very simple. As soon as the vertical temperature gradient
or the relative humidity in the calculations at any point of grid intersec-
tion become greater than their critical values, they are replaced by crit-
ical values. In different realizations the critical value of the tempera-
ture gradient varies between the dry and the moist adiabatic values and the
relative humidity between 80 and 100%. It is assumed that the kinetic energy
of small-scale eddies, which arise due to cumulus convection, instantaneous—
ly dissipates, the total energy of a column of the atmosphere does not
change, and all the moisture condensed as a result of convection processes
instantaneously falls in the form of precipitation. This procedure replaces
- the natural decrease in the temperature and humidity gradient in the real
atmosphere as a result of cumulus convection. We note that the realization
of convective adjustment schemes is not so simple as their idea and as a
rule requires the use of iteration methods and additional hypotheses.

The second group of schemes includes methods based on the CISK (conditional
instability of the second kind [6]) hypothesis. These .are so~called pene-
trating convection schemes. In contrast to the schemes in the first group,
for which it is assumed that instability is manifested locally only in sat-
urated regions or where the temperature gradient is greater than critical,
this group of schemes assumes that convection affects the entire thickness
of the troposphere, transporting heat and moisture upward. The appearance
of convection is associated not only with stratification, but also with dy-
namic factors. The heat released in cumulus convection cells in these
schemes is assumed to be proportional to vertical velocity at the upper
boundary of the boundary layer of the atmosphere. These schemes differ
from one another in different stipulation of the dependence of the propor-
tionality factor on altitude.
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The third group includes methods based on construction of a model of a
cloud ensemble. Third-group schemes appeared quite recently and their for-

- mulation is far from complete. They are rather unwieldy and difficult in

- application; they require considerably more computer time. But since they

describe the physics of moist convection more thoroughly than other schemes,

they can be considered the most promising. We will also concern ourselves

with them. The formulation of the cloud ensemble model proceeded in the fol-

_ lowing way. Yanai, et al. [9] generalized the experience accumulated up to
1973 in the modeling of an individual cloud and a group of clouds. They
diagnostically investigated the properties of cloud clusters in a polygon
in the Marshall Islands. Using the values of the influx of heat and moisture
computed on the basis of observational data, these influxes being the re-
sult of large-scale movements, together with a simple model of cumulus
clouds, including entrainment and expulsion processes, they obtained the
vertical distribution of the vertical flux of mass, the entrainment and ex-
pulsion parameters, temperature, humidity and quantity of liquid water as
an average for the cloud ensemble. Arakawa and Shubert [7] in 1974 proposed
a4 new theory of parameterization of moist convection based on a spectral
representation of a cloud ensemble. This theory makes it possible to deter-
mine not only the general properties of the cloud ensemble, but also the

- properties of individual types of clouds.

Now we will briefly discuss the derivation of the principal equations of
the model. We will examine the continuity equation, equation for the conserv-
ation of energy and water vapor equation

= dw
V.'u+-—dp =0, (1)
05 > 050 _ _
B S+ B QL o), @)
o o= e, (3)
'—ar+v qv -+ dp =e-—-C

llere the notations are those generally employed:

S = cpT + 82, h = ¢cpT + gz + Lq is the static energy of dry and moist air,
Qr is the rate of radiation heating, ¢ is the rate of condensation of a
unit mass of air, e is the rate of evaporation of cloud particles.

The line at the top denotes averaging along a horizontal region, which must
be sufficiently large to contain a cloud ensemble but sufficiently small
in order to be only a part of a large-scale disturbance.

For convenience in investigating the cloud ensemble we will rewrite equa-
tions (2) and (3) in the form

—_—

- & ] 7
T > 0S w —e)— — S, 4)
R Rt
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B L
Qz%—L<7+v vt (c--e) 9p (5)

Here the primes denote deviations from mean values.

It follows from (4) that Q) (it is called apparent heating due to large-scale
movements) is governed by radiation heating, the release of the latent heat
of condensation and vertical convergence of vertical turbulent transfer of
sensible heat. Equation (5) shows that Q, (it is called the apparent loss

of moisture due to large-scale movements? is governed by condensation and
vertical divergence of the vertical transfer of moisture.

From equations (4)-(5) it is easy to derive the equation

- i 9
Q “"'\-_-—~QR=—‘—"0;,‘ S+ Lg") ‘”':——gp—h"’y (6)
where h'W' is the measure of the vertical turbulent transfer of energy.
This value can serve as a measure of activity of cumulus convection.

Using the conservation of mass, heat and water vapor equations in each cloud,
averaging them for the cloud ensemble, equations (4)-(5) can be reduced to
the form (see [9])

0~ Q=M — LD, )
A - =, n
QQ:LM[-{?—LD(Q"-—IJ-P”. (8)

where My is the total vertical flux of mass in clouds, multiplied by g (its
dimensionality coincides with the dimensionality of &), D is the rate of ex-
pulsion (detrainment) of mass from the clouds for a unit pressure interval,
j is the ratio of the mixture of liquid water in the clouds at the expul-
sion level.

In the derivation of these equations we made the following assumptions:
1. Active clouds occupy only an insignificant part of the cloud ensemble.
These are columns occupied by an ascending flow of a section constant in

height. Their bases lie at the level zp.

2. All the liquid water which is expelled from the cloud is also evaporated
here and the rate of evaporation is determined from the expression e = D 1.

3. Each cloud produces an outsurge in a very thin layer where the cloud loses
its buoyancy, that is, where he = h*.

Excluding k from (7) and (8), it is possible to obtain a fundamental equa-
tion for the cloud ensemble
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- — —_ P _lJE
Ql- Q'.‘ QR =D (n /Z) Mc‘ dp . (9)

[n a study by Yanai, et al. [9] equations (7)-(8) are used jointly with the
mass budget cquation, equation for the static energy of dry alr, water vapor
and liquid water =zquations for the entire cloud ensemble. In order to close
the system of equations it is necessary to use a sufficiently artificial de-
pendence of the rate of falling of precipitation on the quantity of liquid
water. The derived nonlinear system of equations is solved by the iterations
method. When Q1 - Q< 0, as is frequently observed in the Trades zone, the
scheme is not suitable. At the same time, the Yanai method does not give
explicit information on the spectrum of distribution of different types of
clouds.

Arakawa and Shubert [7] postulated that the single positive parameter X can
completely characterize the type of cloud. Here A is selected in such a way
that the level of the outsurge zp(A) decreases when A increases.

Then the total flux of mass in the clouds M. can be expressed (7) as

Ap(2)
we= ] men . oo
' 0
where m(z, \) d =M, (2)
NEAr, La-d))

is the mass flux into subensemble clouds for which Ai falls in the interval
(*, A+ dA). The total outsurge at the z level will be

di, (2) )
Dz = — m (2. iy () —F—- (11)

It is convenient to normalize m(z, A):
m(z,h)==mBDJn(a 7).

Here mg( A) = m(zp,A) is the density of the mass flux at the z-level for
a cloud subensemble A .

It is easy to find, that LE 2)=m(z, ) n(z, L) di,
MNE( A -dr ,

where Ej(z) is entrainment in clouds of the type Ai at the z-level,

10x(z 1)
a2, \) = —5. 2"
(2, 3) o

is the fractional rate of entrainment of the subensemble A.

Substicuting (10)-(11) into (9) and transforming to a p-coordinate system,
we arrive at the following form of the fundamental equation for a cloud
ensemble
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— — . dig, (p)
Qi —Q,— Qg = (h* — Iy my (2 (P) (P 2y (P)) —— —

o 7~n (»)
s 05 my (1) 7 (p, A) di.

(12)

Thus, for formulating a model of a cloud ensemble it is necessary to select
the A parameter and obtain mg(A) and N(p, A). In order to simplify solu-
tion of the problem substantially, Arakawa and Shubert [7] postulated that
the fractional velocity of entrainment of the flux of mass in a cloud, aver-
aged for the lifetime of the cloud, is constant with altitude. It is also
selected as the parameter A, assuming that P(z,} )= ). Hence we immediate-
ly derive an equation for yl(z, A)

an(pN __ A
=T %y n(p, +) 13)

In this paper the physics of cloud clusters is investigated diagnostically
on the basis of observational data. Therefore, the Q1 and Q2 values can be
considered stipulated (they are determined on the basis of experimental
data). Thus, expression (12) can be considered as an equation for obtaining
mB('/\) if the Ap distribution is known. (In forecasting problems, in order
to describe the parameterization scheme completely and derive an equation
for determining mg(A ), one other additional condition is required. For this
purpose Arakawa and Shubert propose use of the hypothesis that a cloud en-
semble is in a state of quasi~equilibrium with a large-scale effect.)

In determining Ap(p) we use the expression

P —
ke (b, ")=,T(,,l,—;)[’ls(1)+l [, v B az (p')], (14)
Pp

which is derived by integration of the equation for conservation of the
static energy of moist air in the cloud subensemble., Here he(p, A) and
hg(\) is the static energy of moist air of the subensemble A at the
levels p and pp. We note that the choice hg()\) and py for the time being
is arbitrary. We will find Ap(p) from the condition that he¢(p, A) at the
1§¥el of the outburst, where the cloud loses its buoyancy, coincides with
h™(pp).

A similar problem in investigation of the properties of the cloud ensemble
was solved in a study by Nitta [8]. That author used data from aerological
sounding in the Trades zone, obtained during the BOMEX expedition. The sound-
ing was carried out to an altitude of 500 mb. Integration was carried out
with a 20-mb interval, In our case, since we will use observational data

in GATE polygon AB at the principal isobaric surfaces, integration will be
carried out with an interval 50 mb up to the 100-mb surface. As hpg we will
take hg = h*(pB), and pg = 950 mb. This assumption means that all the clouds
have an identical energy at their bases. The same condition is also used in
[7, 8].
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For numerical solution of the problem the entire troposphere from 950 to 100
mb is broken down into layers with a 50-mb interval. We will examine all
the clouds having an outsurge between pi and pj4] and will assign them the
mean value ‘Ai' Then the mass flux at the base of these clouds will be
Ap (21)
My)= ( my) dn
Ap (Pipr)

i P

AN ,
Kanfe 3

[ 1000 e )
=2 0 5 10 “Cleym

Fig. 1. Vertical profiles of the apparent heat source Q1, apparent loss of
moisture Qp and radiation cooling Qr (2) and also profiles of static energy
of dry (5), moist (h) and saturated air (h*) (b)

KEY:
1. mb
2. °C/day
3. cal/g

It is also convenient to introduce the mean outsurge and entrainment (pi,
Pi+1). From the transcendental equation (14), by the iterations method, we
find Aj for each interval. Equation (12) is the Volterra integral equation
of the second kind (in it the upper integration limit is dependent on p).
Averaging this equation in the interval (pi, pi+l), it can be reduced to an
algebraic system of equations for the unknowns Mp(Ai).

After finding Mg, having the corresponding parameterization of precipitation,

it is already easy to compute all the parameters of the cloud ensemble. Now
- we will cite the results of computations on the basis of observational data
for polygon AB in the GATE program. The computations were made for mean
values in class "B" [4] (class "B" included situations when well-developed
cumulonimbus cloud cover was observed over polygon AB).

Figure la shows the vertical profiles of the apparent heat source Q1 and the

apparent moisture loss Q2 in units of heating rate. These values are means
for class "B" (24 observation times in the first phase of observations in
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polygon AB). The profiles shown here are very similar to the Q7 and Q, pro-
files obtained by Yanai, et al. [9] for the Marshall Islands. True, since
for us the averaging was carried out using cases of a strongly developed
ICZ (class "B"), the maximum Q) and Qp values in our case are almost twice
greater. The same as in [9], the Q] maximum is situated appreciably higher
than the Q) maximum. In order to compute the vertical turbulent energy flux
it is also necessary to know the profile of radiation cooling Qg. Since di-
rect measurements of Qg were made in GATE only at nighttime, here we were
forced to use the climatic profile Qr obtained by Doplik and already used
in a study by Yanai, et al. This profile is also shown in Fig. la.

Now we will proceed (Fig. 1b) to an investigation of the static energy of

dry (S), moist (h) and saturated (h*) air. In the upper troposphere (above
300 mb) these profiles were very close to the profiles obtained by Yanai,

et al. [9]; on the other hand, in the lower troposphere the values of all

three characteristics in our case were appreciably less.

In our opinion, this is attributable to the fact that the mean stratifica-
tion, obtained using data registered on island stations, characterizes re-
gions with the strongest convection, since clouds, as indicated in [5], are
most frequently formed over the islands. The mean stratification for polygon
AB, even when there is considerable cloud cover over the polygon, is far
from the stratification within the cloud cluster. Polygon AB (a hexagon with
a 3.5° side) is sufficiently large that together with regions of thick cloud
cover there are regions with a Trades regime, where there is a predominance
of descending compensation movements. Thus, the mean stratification in poly-
gon AB does not give any idea about the maximum altitude of the clouds over
them, as can be seen easily in Fig. 1lb, Even under the condition hg = h*(pB)
the clouds cannot be above 175 mb, although Q1 - Q2 - QR is stiil small
there. Therefore, the latter two A values were stipulated from the condition
An-1 = 1/2Ap-2 and AL = 1/2Ap-1. We note that in the upper troposphere
the difference (h* - h) tends to zero and already at the level 100 mb becomes
2 orders of magnitude less than its values in the middle troposphere.

Figure 2a shows the distribution of the mass flux in clouds in dependence on
the level of the outburst (on the mean altitude of the cloud). The same as
in the study by Yanai, et al. [9], here there is a predominance of low and
very high clouds. The mass flux in the clouds, responsible for the outsurge
in the middle troposphere, is very small. This spectrum differs substantial-
ly from the spectrum obtained in a study by Nitta [8], where the Trades zone
is investigated.

Figure 2b shows the vertical distribution of entrainment and outsurge of
mass, computed by the described spectral method. Since different types of
clouds are simultaneously operative at each level, the mean entrainment and
expulsion of mass is observed at all altitudes. The entrainment has a maxi-
mum at the bottom, gradually decreasing with altitude. The outburst has two
maxima. Figure 2 shows a bimodal distribution in the spectrum of the en-
semble, that is, the coexistence of very powerful and very small clouds.
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Clouds having an outburst in the middle troposphere from 700 to 400 mb are
virtually absent. Similar results were obtained in the study by Yanai [9],
where evidently special attention was turned for the first time to the bi~
modal nature of the distribution in the cloud ensemble spectrum,

PME
100 a)

700 )
a00
- %

|

)

1000
0

N
mb/hoyr
20 1 Mk

Fig. 2. Vertical mass flux at base of clouds in dependence on level of out-
surge (a) and vertical profiles of entrainment (E) and outsurge of mass (D)
in cloud ensemble (b).

Is this fact observed in nature? We do not know of its experimental confirm-
ation. Physically it also for the time being is not validated and can be govern-
- ed by the roughness of the model. In actuality, the numerical solution of
integral equation (12) leads to a poorly stipulated system of algebraic equa-
tions (its eigenvalues differ by two orders of magnitude). The reason for
this is that the coefficient (h* - h) in equation (9) in the upper tropo-
sphere decreases rapidly and at the 100-mb level becomes very small., One
of the reasons for the poor causality of the system can be failure to take
the solid phase into account. The fact is that high clouds expel water not
only in the' liquid phase, but also in the solid phase. The latent heat of
fusion brought into consideration also increases the maximum altitude of
- clouds in the calculations.

Now we will consider how the cloud ensemble equations change when the solid
phase of water is taken into account. From the equation for the balance of
static energy of dry air and water vapor it can be found that

| - \
Q—Qp=—M,5-—LDI—(L +L,) Di, (15)
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Q _ _m.9 Dl DIt DG =
— == M5, +Dl+Di+-D(g* —q) 16)

N ”
Here Ly is the latent heat of fusion, L(p) and i(p) are the quantity of the
liquid and solid phases of water in the clouds having an outsurge at the
level p.

A
Excluding i(p) from these equations, we arrive at the following form of the
fundamental equation for a cloud ensemble:

Q- Q—Qp=—m2E Dy L s L)F B+ Ll AD

where L—-h

Qo—Qi

For convenience it is proposed that the following concepts be introduced:

_ _ ‘ H=cpT+gz+Lq+qu=h+L1q,
He=c,T+gz+Lg*+Lig*+ Lil=h*+ L (G*+1).
Here H and Hc are the total static energy of moist air and the total static
energy of saturated air in the presence of the liquid phase, Lq is the en~

ergy reserve of 1 g of moist air which can be realized in the condensation
of all the vapor present in it.

With allowance for the formation of the solid phase the potential energy re-
serve 1ncreases by the value Ljq, and in the presence of the liquid phase --
by Ll(q +31). We note that in contrast to S, h, h* H and H¢ will not be
conserved when there is an adiabatic rising of a particle., Now the funda—-
mental equation of the model assumes the form

) Q- Q= Qp=— M 5% +D (.~ o

Whereas earlier the fundamental equation of model (9) included only two un-
known parameters of the cloud ensemble M. and D, the relationship between
which was,determined from expressions (10) and (11), now equation (18) also
includes L . Equation (18) was derived by a linear combination of the equa-
tions for the conservation of the static energy of dry air and water vapor.
Here we have not used the equations for conservation of the liquid and
solid phases, which obviously include precipitation.

A
But ) is dependent on the rate of falling of precipitation and the formation
of the solid phase. ,Therefore, for closing the problem it is necessary eith-
er to parameterize L or bring into consideration the balance equatlons for
the liquid and solid phases in clouds.

Now we will proceed to the derivation of the remaining equations of the mod-
el. We will write the equations for the comservation of mass, S, q, JL, i
for the k~th cloud at the entrainment level, considering the cloud to be
steady or averaged for its lifetime:
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E, + d::k =0,
(19)
ES+ j—p (MySp) + Ley + Ly i+ Qq, =0, 20)
—_— a
Evq+ Ty (Mygp) — ¢, =0, (21)
9
K (Mlzlk)+ck"[k_Rl.:0; (22)
O (Myiy) +1, —RL=0
o (Mae) + 1 — K, =0. (23)

Here E, is entrainment into the cloud, M, is the vertical mass flux in the
cloud, ck is the condenﬁétion rate, Iy is the rate of water transformation
into the solid phase, Ry and Rﬁ are the rates of falling of precipitation
in the liquid and solid phases, QRry is radiation cooling.

Summing these equations for the cloud ensemble A and assuming that all the
clouds of the subensemble have identical characteristics, we can derive the

expressions BB (pN) (S (2, ) =S (P = —Le (p, N —

(24)
~ LI (p, )= Qg
B2 kv (p Vg (P W=7 (P =c (p, 1), (25)
ZED o, ) UpN=—c(p, N+ (p, N +R(p, V), (26)
. ' (27)
2D (g ) i(p = =1(p N+ RE(p, ),
where

. 1 dn (p, ) ;
ps A)-_——.,T“—"n dz » € (p, )

is determined from the expression
Le,=c(p, M) mg()) di.
M€ (M A+ 1)

The remaining characteristics of the cloud subensemble are introduced sim-
ilarly. '

Multiplying (25) by (L + Lj), (26) by Ly and adding them with (24), we ob-
tain the expression )
: ~ﬂsﬂ'—)‘_’_+v(p, N [H, (p, )= Hp) =
Y (28)
=—Qpip, W4 LR (p, 1.
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Adhering to Arakawa and Shubert, radiation cooling in the entrainment layer

- will be neglected. Integrating equation (28), it is possible to derive an
expression similar to (14). True, here for a determination of A (p) it is
necessary to know the vertical distribution of the liquid phase in the clouds
of the subensemble L(p, A) and the rate of precipitation formation R} (®,A).

Unfortunately, data on the distribution of liquid water and ice are virtually
lacking for great altitudes. Flights of sounding aircraft are limited to alti-
tudes 7 km. Over the territory of the USSR the liquid phase at an altitude
7 km was observed at a temperature —-43°C [1]. In very well-developed towers
of cumulonimbus clouds in the tropics the presence of the liquid phase can
be expected up to the tropopause. If without allowance for the solid phase
such parameters of the cloud ensemble as Mg and D can be found without data
_ on the distribution of the liquid phase with altitude and the rate of fall-
ing of precipitation, now their parameterization becomes necessary. Thus, al-~
lowance for the solid phase, although it improves the physical formulation
of the problem, considerably complicates it.
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UDC 551.509.313

ABOUT ONE METHOD FOR INCREASING THE ACCURACY OF DIFFERENCE SOLUTIONS IN
FORECASTING WITH THE USE OF NESTED GRIDS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 34-39

- [Article by Candidate of Physical and Mathematical Sciences Ye. Ye. Kalen-
kovich, West Siberian Regional Scientific Research Hydrometeorological In-
. stitute, submitted for publication 20 November 1978]

Abstract: The author proposes a method for in~
creasing the accuracy of difference solutions
using solutions on a sequence of nested grids.
The method is based on a minimization of the mean
square error. It is demonstrated that the results
are no worse than in the case of use of extrapola-
tion to the limit according to Richardson. Ways
are outlined to use the method for solution of
the prognostic equations and experimental deter-
mination of the order of convergence of the
schemes. Examples are given of computations

of hemispherical and regional forecasts and their
combination by the method described in the paper.

[Text} In application of the "telescoping" method, for example, in a combin~
ation of the hemispherical and regional models for part of an area,there are
two or more solutions obtained using schemes with different intervals of the

- difference grid. In addition to the advantages given by the "telescoping"
method as a result of the variable values at the boundary of the inner re-
gion, it is desirable to make use of the presence of several solutions with-
in the region for increasing accuracy.

Recently the idea of extrapolation to the limit according to Richardson has
been developed in a number of studies [2]. We will briefly discuss the es-
sence of this method.

Assume that some difference scheme is convergent. Then for some equations
it is possible to represent the solution of the difference problem uy when
h- 0 in the form )
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where u is a precise solution of the differential problem, h is the grid
interval, i is the generalized number of the grid point of intersection, n
is the order of convergence, v'l) are adequately smooth functions, not de-
pendent on h, N! is a grid function having the order O(h'), '

Then, using the set (Y- n + 1) of solutions with successively decreasing
steps, we find a linear combination of these solutions in which the second
term in the representation (1) is equal to zero. Accordingly, the total solu-
tion will have the order of convergence h! in the initial grid. 'Thus, this
method will make it possible, using simple schemes of the first or second
order of accuracy, to obtain higher-~order solutions.

We will note some shortcomings of the extrapolation method. The equality
(1) in essence is another method for formulating convergence of the scheme.
Naturally, proof of the correctness of expansion (1) can be accomplished
only for a limited class of problems. Another shortcoming is related to

the ‘asymptotic nature of expression (1). For example, in applying short-
range weather forecasting models the restrictions on the capabilities of
electronic computers do not make it possible to use very small intervals.
It therefore follows that an increase in the order of the approximation with
specific finite h values does not give a guarantee of an actual decrease in
the error of the corrected solution for any norm in comparison with the in-
itial solutions.

In this paper we propose a new method for the correction of difference solu~
tions in which the norm of the error in the result in L2 is not greater

than the errors in the initial solutions in a sequence of grids. If expan-
sion (1) is correct, then at least in the case of a combination of two solu-
tions it is possible to demonstrate an increase in accuracy by the order h
for the norm C.

Assume that we have two difference solutions ul and up for some problem with
the intervals h and mh, for which expansions of the type (1) are correct:

g -> - -
Uy = (1) + k" (v) 4 bt
(2)
— - - ->
ty = () + (mh)" (v) + (mhy+t v
Here m was selected in such a way as to avoid reinterpolation from one grid
to another (that is, m is either a whole number or a fraction with a numer-
ator equal to unity). The grid functions uj, J)7{4i are taken in a set of
points of the coarser grid. The precise solution u and the function v are
projected onto this same set. Thus, the dimensionality of the vectors in (2)

is determined by the number of points in the coarse grid. It is easy to
show that the linear combination
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a’u+b'uy,

,_ mh b = -1
where - omt—=1 -

- (3)
approaches a precise solution with the order hotl,
We will demonstrate the following statement.

Theorem. The linear combination of solutions (2) 51'1 + EIZ with the _coef-
ficients a, b, minimizing the square of the error [é‘v:fl + buy - (ﬁ')]z, con-
verges to a precise solution with the order h"+l,

Proof. We will assume that the vectors 'ﬁi, '1_1’2 are linearly independent. We
will introduce notations for the scalar products:

pus .

c=((u), (1)), d=((&), (1)), e=((v), (2)),

- - e -> —> - 4
f= (@), ) &= (1), %) S=((v),"n), t=((¥), W), “

- -

BR=0 %)y 4= (0 0 7= (T %),

- - > - > >
ru=uy, u), roo=(ug, Us), riz= (1, ),
- - - -
ro={{1), w), roo="((u), uy).

Then, in accordance with the least squares method,

Fot Fga — Mo Fya
a= 2 2 1.,

b= Fwg My — oy (5)
A ’

— 2

A= ryyre —ri-

We will write expressions for the scalar products, denoted by the letter r
with the subscripts, through the preceding values in (4):

Fa=c+2 dh 2 fATY G ehtn 42 shP A 4 gh? ot
- " rp=c+ 2d(mh)" + 2g (mh)+ 4 e (mh)2n 42 £ (mh)2 ! 4
+ r (mh)2 "2, (6)
re=c+d(1-+mr) bt (f -+ gmth) kv emn h20 4
+ (s + Em) mn h? ot kmatt p2 et
roy =c¢ + dh* + fhrt,

rep=c+ d(mh)* + g (mh)"+1,
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We will denote the numerators in the expressions for a, b by ra, Ipe Sub-
stituting. (6) into (5), we obtain

A=(m*— 1) (ce —d*) 2"+ 2 (1 — m")(cs —ctm™ 4+ dg —df) k214

+ [eq + crm? i+ — 2 chmiHt — (f — gmn-L1)2] B2 nt2 5 O (B3 At1),

ro=(m"—1) mn (ce —d?) h*" -+ m" [elm (2 m" — 1) -~ cs + df +
+dgm (1 —2 rﬁ")] B2t 4 ot ermtt — ck -+ g (f — gmntY)] A2 m24

+ O (B3 1),
ry = — (m"—1)ce — d?) h*" + [es (2 — m") —ctm™+! +
+ df (m"—2) + dgm™ ] B2 Y 4 (cqg — ckm™ + gfmttl —
___f'.’) h2 nt2 + O (h3 n-H).

Hence it can be seen that a = a' + O(h), b =b"' + O(h) and ry + rp = A+
0(h3n+l) | that is, a + b = 1 + 0(h™1), The theorem is proved.

Remark. If the last terms in (2) have the order O(h“'*'z), then the accuracy
of the total solution will have the order hi*2,

Assume now that there are ( L - n + 1) solutions in successively more "bunch-
ed" grids. The proof of such a theorem for the general case of the combin-
ation (1- n + 1) of solutions is difficult since it is necessary to invest-
igate expansions in powers of h of determinants of the order (l- n + 1).

But if we limit ourselves to the requirement of an increase in the accur-

acy of the solutions at the norm of the space Ly, then as follows from the
least squares method, the error in the total solution in a general case also
will not be greater than the error in the corresponding solution obtained

by extrapolation.

A shortcoming of the method described in the paper is the necessity for a
precise solution. In prognostic models, even if there is convergence and it
is assumed that there is a possibility of reckoning with grid intervals as
small as desired, with a sufficient accuracy we can obtain a solution of
the initial system of differential equations which is only some model of
the atmosphere. Therefore, in the specific use of the described algorithm
for a forecast it is necessary to check the stability of the coefficients
of linear combinations of solutions or investigate the nature of their be-
havior with time. This will make it possible to carry out time extrapola-
tion of the coefficients.

The described method can also be used for an experimental determination of

convergence of the scheme and the order of the convergence., In actuality,
if, for example, we compute the coefficients a, b in two solutions and
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decrease the intervals, then with h—+0 a, b should tend to a', b'. Then from
expressions (3) it is possible to compute the order of accuracy n of the
initial solutions.

h Table 1

Comparison of Evaluations of Hemispherical and Regional Forecasts and Their

- Combination
£ % r% oM
Yposenb,
HE | 2 3 1 2 3 1 2 3
Level, mb

1000 22 16 13 27 . 13 10 17 10 8

850 15 13 6 0] 7 4 7 8 94

700 15 8 3 17 3 B 6 7 5

500 11 3 0 8 2 2 9 4 !

300 15 0 0 6 1 | 13 1 1

200 17 1 0 12 0 1 14 1 0
Note. First columms -- comparison of hemispherical and regional forecasts;
second columns -~ comparison of regional forecast and combined forecast
with coefficients from (5); third column -- same for combination of fields

with "prediction" of coefficients.

Now we will cite some preliminary results of computations using the proposed
method. We used one of the variants of a "telescoped" system for prediction
with full equations in an isobaric coordinate system [1]. The computations
were made for two regions: outer, covering the greater part of the northern
hemisphere (hemispherical model), and inner, adapted for short~range fore-~
casting in the West Siberian region (regional model). The problems for both
models were formulated uniformly and differ only in the substitution of the

h lateral boundary conditions: the condition of absence of flows through the
lateral boundaries is set in the hemispherical model, whereas the regional
model uses the results of the hemispherical forecast for correcting the val-
ues of the meteorological elements at the boundaries of the region. The tur-
bulent terms in the equations of motion and the heat influx equation, and
also in the equation for predicting the geopotential of the 1000-mb surface,
being the lower boundary condition, were written in the form of the Laplacian
of the corresponding function with the constant coefficient 5-105 mZ/sec.
Only horizontal turbulence was taken into account. The horizontal interval

- in the hemispherical model was 600 km, in the regional model —- 300 km; the
time intervals were 1 hour and 30 minutes respectively.

The coefficients a and b from (5) for the combination of the hemispherical
and regional predicted geopotential fields, and also the standard evalua-
tions: £ -- the relative error, r -- the correlation coefficient for the
geopotential trends and the mean square error o for each of the six levels
(1000, 850, 700, 500, 300, 200 mb) were computed for a limited territory.
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Table 2

Comparison of Evaluations of Two Hemispherical Forecasts With a Different
Resolution and Their Combinations

e 9 r% a M
- Vposens,
MO 1y 2031415 jt1f23l4(s5i1|2l3]als
Level
1000 11221 18127 [—4 | 13] 21 141121 =3} 414 10|-16 ] —4
850 121 8 §{—-337|-—-8] 8¢ 7 4 (=151 -6 3} 7 5|18 | —4
700 181 5 4(-37|-6| 8] 2 1[—10]—31 41| & 4|16 | —4
500 91 3 2|-31{—71 5 1 O|—14|—4| 4} 3 2|19 —4
300 71 2 0]-25 -6 o | o[-1nj|—-2f 6 1 0]—201] —4
200 14 0} —4 ‘——21 -3 8| V| —2|-8|{—2| 8| 1|—-2|-17] -3

Note. first-third columns -- same as in Table 1, but instead of a re-
gional forecast, a hemispherical forecast in a fine grid; fourth columns --
extrapolation of first-order schemes; fifth columns —— extrapolation of
second-order schemes.,

Table 1 gives the characteristics of improvement (for & and o~ -~ decreases,
for r -- increases) in the probable success of the forecasts. In the first
columns, for each type of evaluation we give a comparison of the hemispher-
ical and regional models, in the second columns -- a comparison of the re-
gional model and a combination of models by the described method. These
values were averaged for two 24~hour forecasts with real initial data for
4, 5 April 1965. The table shows that the regional model gives much better
evaluations than the hemispherical model. We will assume that this is primar-
ily a result of better horizontal resolution. A total forecast, even with
the use of a relatively poor hemispherical forecast, at the lower levels
has a considerable advantage over a regional forecast. At the upper levels
the improvement is insignificant, but it must be taken into account that

in the cited example very good evaluations were obtained above for the in-

itial forecast using the regional model: for example, at the level 300 mb
£ = 48%, r = 88%.

Although in a small number of examples it was impossible to ascertain the
nature of behavior of the coefficients a, b with time, we nevertheless

attempted to use the simplest method for their "prediction": employ for

the combination of forecasts the coefficients obtained using computations
for the preceding day. In the third columns in Table 1 we give the results
of a comparison of these, already in a literal sense, forecasts with a re=-
gional model, showing that even with the simplest method of extrapolation

of the coefficients a considerable increase in probable success is obtained
at the lower levels.

~

We note that although optimization was carried out on the basis of g, the
€ and r evaluations are also improved.
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In the next group of experiments we carried out a comparison of two hemi-
spherical models with horizontal intervals 600 and 300 km. In contrast to
the preceding computations, the time intervals were 2 hours and 1 hour and
convective terms were not taken into account. There was also a difference
in the method for comparing the forecasts. In the preceding experiments the
hemispherical forecast was interpolated using bicubic splines, which does

} not impair the accuracy of solution for the dense network for which the com—
parison was also made., Here the initial data for a model with good resolu~
tion were interpreted bilinearly in a dense network and the forecasting re-
sults ~- inversely in a fine second-order grid.

Table 2 gives the experimental results. The notations are the same as in
Table 1, but in place of a regional model we took a hemispherical model in
a fine grid. Here a similar effect was obtained: at the lower levels there
is a considerable improvement in the quality of the combined forecast (even
greater than in the preceding computations); deterioration at the 200-mb
level is extremely insignificant., :

We also checked the combination of forecasts by the extrapolation method.

Taking into account that the model does not use two~-cycle splitting (2],

and accordingly the schemes have a first crder with respect to time, we

computed a linear combination with the coefficients a = 2, b=-1(m=2, n

= 1). The results of the comparison with the hemispherical model in a fine
grid are represented in the four colummns in Table 2. It can be seen that
these forecasts with respect to many indices are even worse than forecasts
using a coarse grid (mesh). Since with respect to space variables the
schemes have a second order of approximation, we made a combination with
the coefficients a = 4/3, b = -1/3 (fifth columns). The results show that
the evaluations deteriorate at all levels, but nevertheless the order of
the schemes was closer to the second, although it is not attained due to

= the coarse resolution. We note that the coefficients, with respect to for-
mulas (5), in all the computations were different for different levels, pos-
itive and less than unity.

Thus, the results of the described experiments show the great promise of us-
ing the method described in the paper for a combination of forecasts. Fur~
ther investigations must be carried out using longer series of initial data
for the purpose of finding methods for predicting the coefficients.
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DYNAMIC ASSIMILATION OF POTENTIAL AND WIND FIELDS IN THE LOW LATITUDES
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[Article by Candidate of Physical and Mathematical Sciences A, F. Kivganov
and U, Ch. Mokhanti, Odessa Hydrometeorological Institute, submitted for
publication 24 October 1978]

Abstract: The article describes the formula-
tion of experiments for the dynamic assimila-
tion of the geopotential and wind fields with-
in the framework of a regional barotropic model
employing full equations with the use of some
variants of boundary conditions and different
initial data. The results of assimilation in
the low latitudes are given.

[Text] Prognostic models with the full equations of hydrothermodynamics im-
pose increased demands on the representativeness and assimilation of ini-
tial fields. For the filtering of high-frequency noise in the initial
fields, and also their assimilation within the framework of a specific
prognostic model the dynamic assimilation method has come into extensive
use [7, 14, 25]. In the temperate latitudes, in addition to the geopoten—
tial field, the geostrophic wind is used [3, 7, 8]. In the low latitudes
the quasigeostrophic approximation loses sense and the use of a solenoidal
approximation involves serious difficulties in solving the wind balance
equation. Therefore, it is unquestionably of interest to investigate the
possibility of the use of information on the real wind for the purposes

of a hydrodynamic forecast using full equations. The desirability of such
an approach was mentioned in the studies of Krishnamurti, Washington, Gor-
don and others [11-13].

In this paper we discuss the results of experiments for the dynamic assim-
ilation of the wind and geopotential fields within the framework of a re-
gional (3-40°N; 60-120°E) barotropic model employing full equations with
the use of different initial information. In addition, a study is made of
the influence of different boundary conditions on the assimilation process.
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The latter matter 1s acquiring special importance in the realization of
regional forecasting schemes and contains a number of fundamental difficult-
ies.

The dynamic assimilation of the initial fields is accomplished within the
framework of a barotropic model using the full equations

oX

- =F ¢}
Here . _ 1
X=v {,
Q) ’
I — i {%} ——%5; + v '
F=|—ug- —zr'—;;——%-—-lu ,
—”60‘_1)_ %_q)(g: +z_;/

where u, v are the horizontal components of the wind velocity vector, D is
geopotential, { is the Coriolis parameter, X and F are the matrix columns
of the dependent variables and the right-hand side respectively.

The system of equations (1) is integrated in time in the form of a four-ele-
ment Matsuno scheme, that is, the dynamic assimilation of the initial wind
and geototential fields is accomplished using the pseudoforecasting method
[7]. As 1is well known [6, 15], the Matsuno scheme leads to the appearance
of computation viscosity, favoring a conslderable decrease in the amplitude
of high-frequency noise caused by errors in the measurement and analysis of
the initial fields and also generated in the process of a finite-difference
solution of system (1).

Thus, the Matsuno scheme is reduced to the four following elements:
forward forecast

X,‘l+l =X +F (X)),
Xy =Xy+3F (X%

backward forecast .y . v
XM—Xwn—‘F(XHJ’

X=X, —<F (X]). 2)

. %
Here X 41 and XS is the preliminary X value at the times n + 1 and n respect~-
ively, 7 is the time interval, y is the number of the iteration.
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The finite-difference approximation of the right~hand sides of system (1)
is carried out using the F. Shuman scheme (advective form with a filtering
factor [9]). The horizontal grid interval is 210 km (21 x 31), the time in-
terval 1is 10 minutes. The | parameter is assumed to be variable.

In varfant 1 on the boundary of the grid region the values of the X functions
were kept constant on the boundary of the grid region. Such a boundary condi-
tion in combination with the filtering procedure was used in a regional prog-
nostic scheme for the low latitudes [1].

In variant 2 there was stipulation of a boundary condition of the solid wall
type

Vil =0, ®

where V, is the normal component of the wind velocity vector on the contour
- " . The u and ® values at the boundary are found directly from the equa-
tions of motion of the system (1).

The following boundary condition was set in variant 3:
[)1‘ fd (21‘— =+ '{Ll{ﬂ')l-—- 0,

os ' dn (4)
where D {s horizontal divergence, Vg is the tangential component of the wind
velocity vector, @/dn is the derivative along the normal to the boundary,
d/3ds is the derivative along the contour.

In variant 4 for the westerly and easterly boundaries of the grid region
there was stipulation of the splicing conditions for periodicity [13, 15],
for the northerly and southerly boundaries ——\;he solid wall conditions (3).

Fig. 1. Initial (a) and assimilated
(b) AT50g fields at 0300 hours on
6 November 1973.
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1. dam/sec
2. m/sec?
3. years

Fig. 2. Changes in \§5tl (a) and | ;It‘(b) in process of dynamic assimilation
and forecasting: 1) in forecast without assimilation; 2) in forecasting with
assimilation; 3) in the assimilation process.

A comparison of the results of experiments with different formulation of

the boundary conditions is given for four subregions I, II, III, IV (Fig.
la), which were selected with circulation conditions taken into account. For
each subregion (25 grid points of intersection) we computed the mean abso-
lute differences of the assimilated and initial fields | 8 X| and the maximum
values 16X | me

The results of the experiments, presented in Table 1, were obtained for a
free assimilation regime when not one of the three fields u, v, B (Y) is
regenerated either within or after completion of the Matsuno cycle. As the
initial data we use the real wind, from which the stream function W field [2]
is computed with subsequent inversion of the wind balance equation. As the
boundary conditions on the contour we stipulated the actual geopotential
values and a solution of the equation was obtained by the iteration method

for the internal region 5-38°N and 62-118°E. Thus, before the initializa-
tion process proper there is preliminary assimilation of the wind and geo-
potential fields within the framework of solenoidal equilibrium.

Figure 2 shows the dependence on the number of cycles (n), averaged for the
- entire region of assimilation of the absolute values of the trends lut' and
| & tl for variant 4, It can be seen that the greatest variability in the
trends is observed during the first 4~5 hours of the pseudoforecast, and
their variation is quite smooth. Therefore, for detecting the effect of in-
fluence of the boundary conditions on the process of assimilation the re-
sults of the experiments in Table 1 were obtained for 25 cycles correspond-
ing to the characteristic adaptation time. The numerator gives the }§ u | and
j § ulp values; the denominator gives the |§v/| and [§v | n values; the fig-
ures in parentheses are the corresponding characteristics for 72 assimila-
tion cycles.
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An analysis of Table 1 shows that for the internal subregion III, and also
the boundary subregion IV, characterized by a low-gradient pressure Cield,
the results of all experiments differ little From one another, that is, the
assimilation is virtually not dependent on the type of boundary conditions.
For subregion I -~ a region with high pressure gradients -- the solid wall
condition gives the poorest results in comparison with the other boundary
conditions. The changes in|§ X | in subregion II for all variants are much
greater than for the remaining subregions. This can be attributed to the
presence of a tropical cyclone, inadequate initial information and close-
ness to the boundary. A comparison of experiments 2 and 4 shows that the
splicing condition for periodicity for the eastern and western boundaries
leads to an appreciable decrease in the |§ X| values.

Thus, an analysis of the results shows that for regional prognostic schemes
in the low latitudes it is possible to use boundary conditions in the form

of variants 3 and 4 as being the most preferable. However, further experi-
ments for developing a regional prognostic scheme indicated that the best
forecasting results are obtained from the use of a boundary condition in the
form of variant 4 in comparison with variant 3. Therefore, all the subsequent
results from this study were obtained using a boundary condition in the form
of variant 4.

We also note that in the wind and geopotential fields, obtained 18 hours
after the pseudoforecast, high-frequency noise is virtually absent, and there-
fore no need arises for additional use of space filters.

Now we will discuss the content of experiments in the field of dynamic as-
similation with different initial data.

Scheme 1. As the initial field we will use the real wind field. The geopoten-
tial field is reconstructed on the basis of the wind field by means of com-
puting the stream function ¥ with subsequent inversion of the balance equa-
tion. In the assimilation process the fields are not regenerated, that is,

we solve the reciprocal adaptation problem (so-called free assimilation re-
gime). This scheme was used above in obtaining the results represented in
Table 1.

Scheme 2. The initial fields are the actual wind and geopotential fields,
that is, independent fields. A free assimilation regime is carried out.

Scheme 3. The geopotential and wind fields are stipulated the same as in
scheme 1, but in the assimilation process the wind field is regenerated be-
fore the onset of this cycle, that is there is solution of the problem with
reconstruction of the geopotential field on the basis of the wind field.

Scheme 4. In contrast to scheme 3, in this experiment there is introduction

of artificial "mismatching of the fields," when the values of the wind velo-
city components are assumed equal to half the values of the real wind.
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Scheme 5. The initial fields are stipulated completely in accordance with
scheme 1, but instead of the Matsuno procedure, in the free assimilation
_ process use is made of the Okamura scheme

X =X +1F (X)) X=X, —«F (X7, (5)
XH=3X,—2Xx7,

having, in comparison with the Matsuno cycle, a doubled damping character-
istic curve [4].

Table 2

‘332’ and L§X|m Values for Different Assimilation Schemes

) Cxema | |39 [ | [tz 8y 130 180 |m
1 04 25 11 87 11 36
(0.7) (3,0) (13) (9.6) (1.3) 4.0
2 07 33 11 88 11 36
(L1 (42) (14) (96) (14) @1
3 06 28 - — - _
4 12 41 - — - _
5 08 3.0 1.3 92 13 (4,1)

The results of the experiments are given in Table 2, where the Jbvil and
16 x 1 m values relate to the entire assimilation region (the corresponding
values for 72 cycles are given in parentheses),

The results obtained using scheme 1 show that geopotential changes in the
assimilation process are small. This is possible due to two principal fac-
tors: as a result of the procedure of preliminary assimilation of the geo-
potential and wind fields within the framework of a solenoidal approxima-
tion and as a result of the specifics of the adaptation process itself,

caused by the smallness of the Coriolis parameter and pressure gradients
in the low latitudes.

As an example, Fig. 1 shows the initial and assimilated geopotential fields
18 hours after the pseudoforecast. The comparison shows that the nature of
the field did not change in the assimilation process; the pressure gradients

in this case somewhat decreased, especially in the region of pressure forma-
tions.

A comparison of the results obtained using schemes 1 and 2 shows that the

P Fand 16 ¥ 1 values, and also |§u ’m and ’5v|m differ insignificantly

- (0.1-0.2 m/sec), whereas the mean and maximum absolute differences of the
geopotential fields in scheme 2 are greater than in scheme 1 by a factor
of 1.5-2, although as before, they remain small, not exceeding 0.7 dam, and
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their maximum values are 4 dam,

This comparison gives basis for concluding that in the low latitudes, the
same as in the temperate latitudes, the geopotential field adjusts to the
wind field. This is also confirmed by a comparison of the results obtained
using schemes 1 and 3. With an increase in the "mismatching" of the initial
fields (schemes 3 and 4) the change in the geopotential field occurs

move intensively in the adaptation process. This is also correct for the
free assimilation regime (schemes 1 and 2).

The difference in the results obtained using schemes 1 and 5 can be attrib-
uted to the fact that when using the Okamura method the assimilated fields
are obtained more averaged than in the Matsuno method as a result of an in-
crease in computation viscosity and in this case the assimilation process
transpires far more intensively.

Comparison of assimilation processes in the low and temperate latitudes
for similar experiments [7] indicated that the reaching of a steady regime
in the low latitudes is attained somewhat earlier than in the temperate
latitudes.

The effectiveness of the process of assimilation of initial fields was check-
ed in a series of experiments for developing a regional prognostic scheme.

It can be seen from an analysis of Fig. 2 that the prognostic trends | Xt'
increase rapidly in experiments using nonassimilated initial fields in

the forecasting process, reflecting clear indications of computation in-
stability. In contrast, in a forecast using assimilated fields no signif-
icant fluctuations are noted in the course of the averaged trends during

the course of the entire time of the forecast.

However, in the predicted fields themselves, obtained using assimilated
data, especially near the boundaries, there is a localization of high~fre~
quency oscillations with a wavelength of about two grid intervals. This
noise is generated in a prognostic model, in particular, due to the boun-
dary conditions, and can be suppressed using spatial-temporal filters.
Thus, in contrast to the problem of assimilation in a prognostic regional
model it is necessary to have additional filtering of high-frequency noise.
In this study the spatial filter, based on the procedure of "smoothing~
desmoothing" of prognostic fields [5], was applied after each four time
intervals (the time interval in the forecasting scheme was assumed equal
to 5 minutes). This made possible a complete filtering of noise in the
entire forecasting region.

The effectiveness of the assimilation process and filtering can also be
judged using the data in Table 3, which gives the results of a spectral
breakdown of the kinetic energy K of the initial and predicted fields for
6-7 November 1973. Here use was made of the fast Fourier transform method
[10] and a filter with the parameter B = 0.07,
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It can be seen from an analysis of Table 3 that the assimilation and filter-
ing regimes are expressed first and foremost in the short-wave range, to a
lesser degree -- in the synoptic and long-wave ranges, and there is virtual-
ly no change in the kinetic energy of zonal flow.

A comparison with the results of a forecast made using unassimilated fields
indicated that the assimilation and filtering regimes are indispensable parts
of a regional forecasting model using full equations in the low latitudes.

In conclusion, the authors consider it their pleasant duty to express apprec—
iation to M. S. Fuks—Rabinovich and L. V. Berkovich for useful comments and
advice expressed in the course of discussion of the results of this study.
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UDC 551.509.313(-062.4)
TWO NONLINEAR PROBLEMS IN DYNAMICS OF THE EQUATORIAL ATMOSPHERE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 49-54

[Article by S. Evtimov, Professor S. Panchev and R. Chakalov, Sofia Uni-
versity, Bulgaria, submitted for publication 6 December 1978]

Abstract: The authors have derived precise solu-
tions for two stationary systems of equations
(1)-(3) and (17)-(20) modeling movements in

the equatorial atmosphere. The peculiarities of
these solutions are discussed.

[Text] First Problem. Dobryshman [2] proposed the following dimensionless
system of equations of motion for the equatorial atmosphere:

au - du _ . . .
0—0'7 + W7 = yv—w, (1)
Jv ov _ Qﬁ
vy T T YT oy o)
ou ow — :
0y + oz =0, i 3

b
where x, y, z are the axes of coordinates directed tothe east, north and
zenith respectively; u, v, w are the velocity components and d&/dy is

_ the meridional pressure gradient. The latter is usually considered stip-
ulated, that is, system (1)-(3) is closed. It has been solved by many
authors and by different methods [2, 3, 5, 6, 9]. Here we propose still
another class of elementary precise solutions which can have importance
in the interpretation of observed atmospheric circulation in the equator-
ial region. In addition to (u, v, w), a solution is obtained for & .
This is achieved by the introduction of requirements on the separation
of variables, which is equivalent to the addition of a new equation to

(1)-(3).
In actuality, in accordance with (3) we write that
v(y, 2)=[(yh'(2),
w(y, 2)=—F(y)h(2),
54

(4)

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

e e s Lo wsiaa

where the prime denotes differéntiation for the arguﬁent. Then equations
(1) and (2) assume the form

n [ ou - —
(% )= F(eE =0 (5)
ff (2 — R = — yu —E’a—‘;’-. Q)
In order for the variables to be separated in equation (5) it must be as-
sumed that .
7] )i
o Y=4(2, G- +1=B0) )

where A(y) and B(z) for the time being are arbitrary functions. However,
A2u/dydz = 224/ Iz Jy, hence we obtain A'(z) = B' (y) = £ = const,
‘which gives A(z) = 13(2 - zg) and B(y) = By. Substituting this into (7)
and integrating, we obtain an expression for zonal velocity

Uy, 2) =ty -+ o ¥+ (By — 1)z — 2), ®

where zQ 20 is some fixed altitude. This is a new equation which closes
the system (1)-(3). )

Now equation (5) assumes the form

";,';B(Z“Zo)S ff %y =a,=const. C))]

After integration we find .
F=ry
h(zy=hy(2— 2", .
where & = O‘l/ﬂ, and fg, hy are the integration constants. Finally, from
equation (6) we also obtain the pressure field

e
dy

(10)

= — yu—viaty? el (z — z)* 2, (11)

where v2 = fohg, and u(y, z) is given by expression (8). Finally, for
solving the initial system we obtain

iy, 2) =yt ¥+ By — Dz —20)

-1
’

v (y, 2) =aTy* (2— %) , (12)
w (y, 2) = —aty " (Z—2)

1 I S ) VOPL
O (y, 2)=Bo— 4wy — 5 ¥ — (T — 7 V) =2

R

This solution has the free parameter &, Varying this, it is possible to
derive formulas approximating the real wind and pressure fields in the
equatorial atmosphere., In order that there be no singularities in (12),
it is necessary to adhere to the conditions
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a1 or a=0 (13)

We will examine some special cases. Assume that o = 0, Then, in accordance
with (12),
U=w=0,
. (14)
n=1y+ ——;— y 4+ By — 1z~ 20),

0®/0y=—yu,
that is, we have obtained purely zonal geostrophic motionm.

Such a conclusion also follows directly from the initial system with v =
w = 0, with the exclusion of an explicit dependence of u and ¢ on y and
z in accordance with (14). As can be seen from (14), at the altitude z =
zg the F field is symmetric, and the equation d$/3y = 0 has the roots
¥y1 =0 and y2,3 = & [/-2up. With upg<0 (easterly wind at the equator it-
self) & has a minimum at the equator and a maximum at latitudes v2,3 =
+ /~-2uQ. With uy >0 % has one extremum (maximum) at the equator. At
other altitudes (z 5% zg) the number and form of the extrema will be de-
termined by the relationship of the parameters ug, B and z - zp. We
also note that a geostrophic solution in the case of a symmetric pressure
field was also obtained by Bulakh [1].

We will assume that o¢ = 1. We obtain
. oT (15)
w=—10y(2—2o},

0®/dy=—yu—vly.

In this example vy has the sense of meridional (dimensionless) velocity
at the boundary y = 1 of the equatorial atmosphere, If vg = O there, then,

- as can be seen from (15), in the entire region |y|< 1 we will have v = w
= 0 and a geostrophic balance between u and 9@/3 Yo :

Finally, if & = 2, then v=204%(2—2y),
w=—20y(2—2p)?,
O®/dy =—yu—4v2 43 (2—20) 2. (16)
It can be seen that , _ _;__%:_

that is, vg is proportional to the vertical gradient of meridional velo-
city at the discontinuity y = 1 of the equatorial atmosphere. If vg = O,
we again arrive at the preceding derivation. .

The selection of a specific solution from all the possible solutions must
be made on the basis of their comparison with observational data.
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Second Problem

For seeking wave solutions the authors of [4] proposed a more complete sys-
tem of equations of motion, which in dimensional form reads

L (# v-w) an
- A%:——Pl—g%—2m% u, (18)
] %"‘“‘%g—gfh"l—g, - (19)
g_;’+%=0' (20)

where _:;l— =—‘%~ +'quy- - w‘%,

rg is the earth's radius, « is the angular velocity of its rotation. On
the basis of this system we will investigate the influence of Coriolis

" force on stationary movements of the equatorial atmosphere within the
framework of its zonal model.

Introducing, as usual, the stream function Y, v==-3Y/Iz, w=4¥/dy,
we obtain from (17) and (18)-(19) respectively

9 : —

O Aw 4 (v, a¥)={U, 2}, (22)
where AY and { A, B} are the Laplacian and the Jacobian for the variables

> 2,

© = Q.
Q:—-—rzy2+2m,z, U=u+ (23)

with 9/t = 0 equations (21) and (22) give

U=F(¥), _ 24)

(¥, AT — F" (T) 2} =0, 25)

where F' = dF/d ¥, and F(%/) is an arbitrary function.

Integrating (25), with (23) taken into account, we obtain the equation

;w_(g wz——2 y=) F' (¥)=H (), (26)
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where H(%) 1s also an arbitrary function. The further solution of (26)
is possible only after the specific choice of F(¥) and H(¥). For this
we use physical considerations.

Since the initial system (17)-(20) does not contain derivatives of x (zon-
alicy), it will apply only near the equator, where this condition is ap-
proximately satisfied. Outside this region, due to the well-expressed
zonal transfer, meridional and vertical movements must be absent. Accord-
ingly, solutions of equation (26) must be localized near the equator,

that is, with increasing distance from the latter ¥ and its derivatives
must tend rather rapidly to zero. Then it follows from (26) that

F'(0)=H(0)=0 when y— *oo. 27

Limiting ourselves to the first nontrivial terms in the expansion of the
F(Y¥) and H(%¥) functions, we obtain

F(¥)=08+—5 T2, H(¥)=8Y, (28)
where o, f’\, S are constants.
These expressions for F and H correspond to a regime of '"weak nonlinear-
ity" and a "weak influence" of Coriolis force. It is a circumstance of
not a little importance that only in this case is it possible to obtain

a precise analytical solution of equation (26).

In actuality, substituting (28) into (26), we find the linear equation

wa " —
A‘F—(Q waz— =2 y~) T =W, (29)
which formally coincides with the stationmary Shrgdinger equation.

We will solve (29) by the method of separation of variables:
Y(y, 2)=Y(y)Z(2).
Substituting into (29), we obtain two boundary problems:

Y”_}.(-%- y‘-‘—p) Y=0, Y (:w)=0 (30)

Z'—(2 waz4v) Z=0, Z (0)=Z (i)=0, NCEY

where P + V = }3, and h is the altitude of the atmospheric layer where
movement occurs. In other words, we will assume that w(0) = w(h) = O
("solid top" condition).

The solution of equation (30) has the form

Wy

2[s wla
y=¢"%"Y a,H, ), z,:(-u) v, (32)

To
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where H,(¥ ) are Hermite polynomials [7] and ¢ and |t are related by the
expression

1
wla|\=5  __ . .

(.._.) Tpu==2n-1, a<L0, 33)

n is a whole number, A are constants.

Introducing into (31) the new variable
(@)= (2 w0)" z4v (2 wa)”
we write equation (31) in the form

2l3
3’

2/ ~7Z=0. ' (34)
A general solution of this equation is given by the Airy functions [8]
Z(n)=CA (m)+CB(m). (35)

Assume that Mg, = 7(0) and My = M(h). Since x <0, then 77k < Mg. The
functions Ai(n) and Bi(n) are monotonic when N> -1,02 and, oscillating,
tend to zero when M-+ - eo , Accordingly, the boundary conditions (31)
will be satisfied if Nyp< -1.02, and, as it is easy to see, if

Al (w) Bi (n) — Ai () Bi () =0. (36)

With fixed h this transcendental equation relates % and 7. In addition,

Thus, for the stream function we finally obtain

) 2/, Ai (10} P ()] ©
¥ (y, 2= e A () — ey B4 Hy () 37
and the constant C; is included in A,. It can be seen that the solution
(37) contains the free constants A, § , @ and h. They determine differ-
ent possible regimes of cellular circulatiop.

In conclusion it can be stated that within the framework of a stationary
zonal model of the equatorial atmosphere the fundamental effect of Cor-
iolis force 1s a strong localization of vertical and meridional movements
near the equator and the setting in of a cellular circulation regime.

The authors express appreciation to Ye. M. Dobryshman for discussion of
the problems touched upon in this work.
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UDC 551.571

VERTICAL DISTRIBUTION OF ABSOLUTE HUMIDITY OF AIR AND MOISTURE CONTENT IN
THE ATMOSPHERE OVER THE OCEANS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 55-62

[Article by Candidate of Physical and Mathematical Sciences N. A. Timofeyev,
Marine Hydrophysical Institute, submitted for publication 27 December 1978]

Abstract: On the basis of an analysis of radio-
sonde data from Soviet scientific research ships
the author has derived formulas describing in

the annual variation the mean latitudinal ver—
tical profiles of the volume concentration of
water vapor apy and the moisture content of the
atmosphere ¥ § (H -- altitude) as a function

of cloud cover and air humidity at the ice-free
ocean surface. An evaluation 1s given for the
errors in computations of ay and &y using these
formulas under conditions extremely different
from those in the middle latitudes. Data are giv-
en on the total atmospheric moisture content 430
over the oceans, in arctic regions, over the land
and as a whole for the earth.

[Text] Water is present in the atmosphere in the form of vapor, droplets and
ice crystals. The ratio of the droplet and crystalline moisture present in
the clouds to the mass of water vapor as a whole for the earth is less than
1% [3]. Therefore, the total atmospheric moisture content @y with great ac—
curacy can be identified with its vapor content in an equivalent layer of
precipitable water which could be formed as a result of water vapor conden-
sation. The ¢y value is determined most accurately using radiosonde data
or data obtained by the optical {4], IR [3] or laser [1l] methods. However,
for the time being these data are still available in inadequate volume for
climatic generalizations directly for oceanic conditions. Climatic maps of
the CJO value for the oceans (for example, in [2, 6]) were compiled for the
most part using radiosonde data from island and coastal stations. However,
information on atmospheric water vapor, especially on its vertical distrib-
ution, is necessary for solving a broad range of problems relating to the
radiation regime, moisture cycle, climate and conditions for the propaga-
tion of radio waves. This circumstance motivates a search for empirical
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dependences between the moisture content "-)H in the layer from the neight
H to the upper limit of the atmosphere and different characteristics of

- air humidity (absolute humidity ag, water vapor elasticity eg, etc.), meas-
ured at the level of standard shipboard observations.

" In the author's paper [20], on the basis of an analysis of data fcom 1,187
shipboard radiosonde observations it was demonstrated that

w, = (1.55 + 0,046 ".) (’.(\).073' (l)

where (JO and e are expressed in millimeters and the total cloud coverage
n -- in tenths,

With fixed gradations of cloud cover the correlation coefficient between
lg @ and lg ep in the entire range of their values characteristic for
the ice-free surface of the world ocean changes in the range 0.90-0.94.
The computation errors (C‘/O)com using formula (1) had a normal distribu-

_ tion. The probability of the fagling of (“g)act values determined from cne
radiosonde observation into the interval (wO)compi g is approximately
70%. The mean square error Oayy is 14%. The S value, in addition to
the real variability of the moisture content with fixed eg and n, also in-

cludes the computation error (“(),.y based on radiosonde data. The latter
is equal to 5-6% [7, 10].
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["{y. 1. Dependence of total atmospheric moisture content "‘JO on water vapor
elasticity ep at ocean surface. 1) computations made using formula (1) with
n = 0 (lower curve) and n = 10/10; 2 and 3) on the basis of [22] and [19]
respectively; 4) observations of drifting stations "SP-4, -5 and -6" during
the period from April through September [15, 17].
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Fig. 2. Normalized relative vertical profiles of absolute air humidity ay
with its different gradations at the ocean surface (a) and with different

gradations of total cloud cover (b). 1) ag<10; 2) ag = 10.1-15; 3) ag
15.1-20 and 4) ag2>20.1 g/m3d; 5) n = 0-2; 6)' n = 3-4, 7) n = 56, 8) n

7-8 and 9) n

= 9-10/10.

Table 1

Absolute Air Humidity aH(g/m3) at Different Altitudes and Total Atmospheric
Moisture Content ddo (mm) Over the Oceans for Different Gradations ag and

Cloud Cover n

g 2/ 4 n baraet 9
<10 [10,1+15(15,1+20{>20,1] 02| 8--4 | 5+6 7+8 | 9+10{ 0+10
H ks
7,2 3,3 4,6 601 1,1{ 34 54| 7,6 9,8/5,7¢ -
l 0 7,24 113,23 18.68 122,00 |17,46 (18,87 {17,77 18,16 16,52 | 17,60
0,5 5,83 | 10,62 15,01 {17,78 |14,00 (15,00 (14,25 14,86 113,60 [ 14.21
1 4,63 | §,32 12,01 (14,48 110,98 (11,93 {11.60 11,95 [11,00 | 11,41
2 2,86 | 5,22 7,63 19,64(6,50|7,46 (7,41 7,77 17,53 | 7,36
4 1,06 | 1,94 2,97 13,99 (2,362,832, I8 13,151 2,02
6 10,40 0,71 1,13 [ 1,5670,82 1,10 {1,101} 1,23 1,27 1,12
8 0,13 0,25 0,40 10,55(0,2810,37 | 0,39 0,44 [ 0,44 | 0,39
10 0.03| 0,08 0,13 [0,19]0,00)0,1110,13]0.16 {0.15 0,13
N (ancno P3) 3] 179 | 165 344 494 256|263 152 151 365 1187
panHo3onaH-
o POBIRHE 4| 15,1 27,6 | 40,2 |s04 |35.0 39,2 35,7 la1.1 [30,1 |as.6
o 1 155 207 42,9 154,1 136,0 (42,7 [41.4 44,8 2.3 | 41,2
(4) 15,2 27.9 40,4 150,2° 34,7 39,8 38,7 10,5 39,0 | 38,6
5 " Cpeanne anauenns oGuteii o6aaunocTir.
KEY: :
1. g/m3
2. n tenths
3. Number of radiosonde observations
4. Radiosonde observations
5. Mean total cloud cover values

63
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY

Table 2

Atmospheric Moisture Content d{[(mm) Over Oceans

1 ay 2/m3
1 o 10 - 15 20 25
H wn l I ‘ l |
. 2 n 6aarvt
olw | olw] olw] olw| olw] of w0

0 1,72 12,07 | 8,54 [10,67 |18,30 | 22,24 128,47 {34,80]39,4014S,.52{51,211 63,55
0.5 11,29 11,64 16,69 | 8,45 |14,00 [ 17,77 121,95 | 28,0830,67|39,5140,25| 52,23
1 0,97 11,27 5,05 | 6,66 [10,66 {14.14 16,90 |22,523.84132,03|31,58 | 42,76
2 0,23 10,76 12,83 14,066,000 8,801 9,8 |14,31114,20(20,73119,20( 28,22
S010,29 {045 11,57 12,431 3,45 | 5.38] 5,70 | 8,92| 8.36]13,19] 11.54] 18,32
B 0,16 10,20 10,86 | 1,43 [ 1,93 3,23| 3,25 | 5.47| 4,88| 8,26| 6,87} 11,72
] 0,08310,15 10,46 { 0,83 | 1,07 1,91} 1,83 | 3,31 2,81] 5.10] 4,05] 7,38
_ 6 0,04110,08310.9% | 0,47 1 0,58 § 1,11]1,02| 1,97} 1,61} 3,10] 2,37| 4,59
7 0,02310,04010.13 10,27 1031 ] 0,64]0,57] 1,16, 0.91] 1,8 1,37 2,77
S 0.01210,02510,0697 0,151 0,17 | ©,86] 0,31 | 0,67] 0,51} 1,10 0,79| 1,70
l 0.00610,00L4] 00061 0,081 0,088 0,20] 0,17 | ,38] 0,28 0,64] 0,45] 1,02
10 0,00310,007 {0,018| 0,0431 0,046{ 0,11] 0.090] 0,22 0,15] 0,37 0,25} 0,60

KEY:
1. g/m3
2. n tenths

Table 3

Atmospheric Moisture Content (mm) Over Pacific Ocean in Layer 0-5 km on
_ the Basis of Radiosonde Data (1) and Computations (2)

2 ®espanb 3 Man
eoad
Htipora, soas o) (@) (1) (@)
1
50—60 c. 4 6,3 7.7 10,6 11,0
40—50 11,0 12,5 14,8 15,5
30—40 16,0 18,0 21,6 23,0
20—30 23,0 25,4 30,4 31,9
10—20 325 343 388 41,2
0—10 38,3 40,6 42,2 44,5
0—10 10. 3 42,1 43,0 40,3 424
10—2V 40,3 40,8 34,1 36,6
i 20—30 341 34.2 26,6 28,0
30—40 24,8 26,3 18,3 21,2
40—50 17,8 19,3 129 16,2
50—60 12,6 13,1 8.6 11.1
KEY:
1. Latitude, degrees 4, N
2. ‘February 5. §
3. May

lixpression (1) was checked in definite regions of the Pacific and Indian
Oceans with the most diverse weather types on the basis of independent
radiosonde data. It was found that the maximum computation error (‘JO)Comp
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with the averaging of observations over a period of 1-3 weecks does not ex—

“eceed 107 [20]. The same conclusion was drawn by B. N. Yegorov [8] on the
basis of an analysis of radiosonde data from scientific research ships
sailing in the North Atlantic. For other regions of the oceans the results
of computations of the total moisture content of the atmosphere on the basis
of expression (1) in the case of average cloud cover condifions are in sat-
isfactory agreement with the values (‘do)comps computed on the basis of the
empirical formulas published by I. A. Shatunov [22] and V. G. Snopkov [19]
(Fig. 1). However, these dependences cannot be recommended for use in the
high latitudes of oceans covered with ice. For example, in the Central Arc-
tic Basin the (ajo)act values, obtained from radiosonde observations, in the
warm half of the year exceed the computed values (‘do)comp by approximately
a factor of 1.5-2,

GAPZ e

-

2 ) 200 N -

0

Fig. 3. Dependence of mean square error in computation of (Cdo)comp value
using formula (4) on number N of radiosonde observations. The solid curve

corresponds to the case QQO = 12/ Vfﬁ, the dots correspond to the experi-
mental data. HKm \,

J
65 7,0 15
(Aule/(@y)y , (Qy)e /i ty), .comp
ig. 4. Comparison of measured and computed vertical profiles of absolute
air humidity (1) and atmospheric moisture content (2) in ICZ (a), outside
it (b) and for entire GATE-74 (c) [ & = act; p = comp]

It follows from expression (1) that the %y value with fixed eg increases
with an increase in cloud cover. An increase in the number of clouds is
usually associated with an increase in the intensity of vertical movements
in the atmosphere and with an increase in the level of transfer of water
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. vapor upward from the underlying surface. A singular valve effect is the re-
sult [6]: air currents, rich in water vapor, rise upward, leave a part of
their moisture there and impoverished of moisture, descend toward the un-
derlying surface, where they again become saturated. Then the process is re-
peated again and again. The presence of a positive correlation between cloud
cover and humidity, summed vertically, was confirmed by satellite observa-
tions [14]. In the case of a fixed cloud cover an increase in <), with an
increase in ey occurs more rapidly than in accordance with the lgnear law.
The physical nature of this effect is also associated with an intensifica-
tion of vertical air movements as a result of an increase in fluctuations

of its density with an increase in moisture content [12].

The noted regularities must also be reflected in the vertical distribution
of absolute air humidity ag. For this purpose the entire mass of data from
shipboard radiosonde observations was broken down into a number of submasses
with different gradations of ag and n (Table 1). For each submass we con-
structed the vertical profiles of the dimensionless ratios ap/ag, which

then were normalized by dividing by the values (ag/agQ)pean, found from the
mean (for the entire mass of data) ay profile. In Table 1 this profile cor-
responds to values ag = 17.60 g/m3 and n = 5,7 tenths. The experimental pro-
files (aH/ao)/(aH/aO)mean are shown by different notations in Fig. 2. The
solid curves represent the results of computations (with corresponding ag
and n values) using the expression

a, (1+0,012 nf

H= 1000213 + 00024 FF) (1,14 — 0,005 a,) (2)

a

which describes the vertical distribution of the volume concentration of
water vapor ay in the atmosphere in dependence on absolute air humidity at
the ice-free surface of the oceans and cloud cover. A reconstruction of the
vertical profiles ay using the ordinarily employed formula ay = aO'IO'bH,
where b = 0.434 aO/OJO, is carried out with an error especially appreciable
at great altitudes [19]. A decrease in the ag value with altitude H, in ac-
cordance with (2), occurs the more slowly the greater the cloud cover and
ap. By knowing the law of change in ay as a function of H it is possible

to find the quantity of precipitable water @y as the integral

© @

w, = f a, dH =a, | (1+0,012 n#) dH 3)
no A

l0((),214 H-+0,0024 f11)(1,14 —- 0,008 a,)

The ‘JH values, obtained by numerical integration with a vertical interval
AU = 100 m, are shown in Table 2. In turn, these data with a very small error
are approximated using the following formulas:

wy = (1,72 4 0,04 n) q}.01 40,0018 g (4)
0, = w, 10— 1((0.243 —0,0034 n —0,0017 a,) H +0,0038 H3) . (5)
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Here ay and ag have the dimensionality g/ma, CJH and UO are in mm, H is
in km, n 1s in tenths.

tuployIng the expresstons (4) and (5) with arbitrary ag and n it Ls ecasy to
find the quantity of water vapor present in a column of the atmosphere be-
tween the levels Hy and Hy (Hy>Hy), as “H; 2 = “H; - “H).

b

Expressions (1) and (4) are virtually identical for the case n = O. In the
case of a continuous cloud cover and its mean conditions the (“’0)com val-
ues, computed using formula (1), are exaggerated by 6-7% (Table 1). The mean
square error %w , for formula (4) with N = 1 (N is the number of radiosonde
observations) is I2% and decreases inversely proportionally to N (Fig. 3).
Thus, with N = 151-499 (Table 1) the value Twqy = 0.8%.

In the new edition of the MARINE ATLAS OF THE PACIFIC OCEAN [2] there are
maps of moisture content of the atmosphere in the layer 0-5 km for Febru-
ary, May, July and November, constructed using data from measurements of

air humidity at 160 radiosonde stations during a period from onme to eighteen
years. The layer 0-5 km contains approximately 90% of all atmospheric mois-
ture. Source [2] also gives the initial information necessary for computing
atmospheric moisture content using formulas (4) and (5). In order to exclude
che random errors related to a different period for the averaging of radio-
sonde data we examined the mean latitudinal characteristics of moisture
content (Table 3). The computed values were exaggerated by an average of
6.6%. This can be a result of systematic discrepancies in humidity measure-
ments when using radiosondes of different designs. Formulas (4) and (5)- were
obtained from an analysis of Soviet data and moisture content maps in [2],
compiled for the most part on the basis of data from foreign radiosonde ob-
servations. The latter, as indicated by comparisons made during the GATE
period [10], usually give lower air humidity values. With the exclusion of
the systematic discrepancy, formulas (4) and (5) describe the spatial-tempor-
al distributions of the mean-latitudinal values of atmospheric moisture con-
cent in the layer 0-5 km over the oceans with a mean square error *4%.

It is natural to raise the question of the accuracy in obtaining mean ay
and cJ{ estimates in fixed regions. For this purpose we used radiosonde
data ogtained aboard a number of Soviet scientific research ships during

the period when an expedition was carried out in the Atlantic Ocean under
the international GATE-74 program [1, 9, 21]. One of the peculiarities of
the considered region is the presence of a Trades inversion consisting ver-
tically of three blocking layers, whose characteristics have a clearly ex~
pressed latitudinal dependence [16]. With approach to the axls of the intra-
tropical convergence zone (ICZ) the frequency of recurrence, intensity and
thickness of the blocking layers decrease and the altitudes of their great-
est frequencies of recurrence increase. This property is expressed most
clearly in the lower troposphere and least clearly in the upper troposphere,
where the mentioned characteristics can have even an opposite tendency with
approach to the ICZ axis.
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Two subregions were defined in connection with the noted peculiarities of
the blocking layers and the conditions for the development of cloud cover.
The first of these is a polygon of the scale AB, situated in the ICZ zone.
Here there was a predominance of gloomy weather with a well-developed cloud
cover with vertical development, yielding abundant precipitation. The mean
measured moisture content values (Coo)act were variable -- from 46 mm In
the northern to 54 mm in the central parts of the ICZ [18]. The computed
values (ay)comp' and («y)comp were understated relative to the actual
values (ag)ger and (@y)acr in polygon AB on the average by 20% to an al-
titude 5-6 km, where there was a second blocking layer. Above this level the
errors decrease with an increase in H (Fig. 4).

The second subregion was situated near the equator, with increasing distance
from the ICZ axis ~~ to the south 600-1200 miles. According to observations
on the scientific research ships "Mikhail Lomonosov" and "Akademik Kurcha-

- tov," here for the most part there were thin good-weather cumulus clouds
with an upper boundary with altitudes not greater than 1-1.5 km. There was
little precipitation, The measured (GJO) ct Vvalues varied in the range from
22 to 49 mm [7, 21] with a modal value o? 33 mm. Under these conditions,
with 2 clearly expressed (especially with respect to the nature of the ver-
tical distribution of relative humidity) lower blocking layer, which pre-
vented the upward penetration of moisture, the computed (a) comp and (“’ ) comp
values were exaggerated on the average by 15% in the layer up to 5 km and
by 30% above this level.

The errors in computing (OJO)Com using expression (4) for both subregions
both as a whole for the entire period of the expedition and for each of its
three phases were in the range +10%. The measured and computed vertical pro-
files of absolute humidity and moisture content for the entire GATE-74 re-
gion virtually coincided (Fig. 4).

The cited data characterize the maximum possible errors in computations of
the mean vertical profiles ay and “y using formulas (2), (4) and (5) for
regions with development of vertical movements and cloud cover in the atmo-
sphere extremely different from mean latitudinal conditions. In particular,
it can be surmised that the (ay)comp and (“y)comp values will be understat-
ed in cyclonic and vice versa, exaggerated in anticyclonic atmospheric for-
mations. In general, the mentioned errors do not exceed the errors in recon-
structing the ay and @y profiles at fixed points using AES by the numerical
experiments method [13] and errors in the extrapolation of radiosonde data
at the points of intersection of a regular geographic grid in the oceans
arising as a result of the inadequacy of the spatial density of the network
of aerological stations to modern requirements on study of general circula-
tion of the atmosphere [23].

Thus, formulas (4) and (5) are correct in the annual variation for the mean
latitudinal conditions in the oceans. At fixed points the computed vertical
profiles (“)H)comp can be corrected when one has maps of the total moisture
content in the atmosphere (LJO)acts compiled using radiosonde data.
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According to the computations made, in the atmosphere over the ice-free sur-
face of the world ocean (latitude zone 70°N-60°S) the annual average content
of precipitable water is 28 mm, On the whole, for the earth «g = 25 mm [6].
If the latter value is compared with the total quantity of precipitation,
which according to modern estimates [5] is close to 1130 mm, we find that
the moisture in the atmosphere 1s renewed 45 times annually. The moisture
content in the atmosphere over the arctic and antarctic regions as an average
for the year does not exceed 5 mm (for example, see Fig. 1). On the basis of
the data cited above we find, with allowance for areal "weights," that the
moisture content of the atmosphere over the land is characterized by a value
“y = 23 mm. Accordingly, the molsture content over the oceans in general re-
mains greater than over the land, and only over the continents of the north-
ern hemisphere in summer, when there are powerful ascending.air movements in
the atmosphere, is there a somewhat greater [6] moisture content than over
the surrounding seas.
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COMPUTATION OF AVAILABLE POTENTIAL ENERGY IN THE NORTHWESTERN PACIFIC OCEAN
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[Article by Candidate of Physical and Mathematical Sciences V. F. Kozlov,
L. A. Molchanova and Ye. A. Sergeyeva, Far Eastern State University, sub-
mitted for publication 29 November 1978]

Abstract: On the basis of the mean long-term
data on density distribution by 1° squares

in the northwestern part of the Pacific Ocean
in August it was possible to compute the avail-
able potential energy (APE) on the assumption
of incompressibility of sea water. The comput-
ed distribution of surface density of APE cor-
relates with the position of the dynamic axis
of the Kuroshio and with bottom relief. The
mean volumetric density of APE, according to
these computations, is 1.32-10é J/m3.

[Text] According to modern concepts, one of the possible energy sources for
the éxistence of mesoscale eddies in the ocean is the reserve of available
potential energy (APE). A part of this energy can be realized by means of
the baroclinic instability mechanism [5, 7]. For regionalization of the
world ocean on the basis of the degree of intensity of possible eddy for-
mation and also for the purpose of studying the energy resources of the
real ocean it is of interest to estimate the distribution of climatic re-
serves of APE under specific physiographic conditions. Due to the inade-
quate amount of representative data on the distribution of oceanoclogical
characteristics such computations for the real oceans are for the time
being made only using a quite coarse grid [2] or for model basins [5].
However, there is a possibility of computing APE in individual parts of
the world ocean, about which the necessary information is adequate.

In this article we give an example of computation of APE for a 1° grid in
the northwestern part of the Pacific Ocean bounded on the south by a
circle of latitude 25°N and on the east by the meridian 160°E. Compres-—
sibility of sea water was neglected in order to simplify the computa-
tions. The initial data on the distribution of demsity P (A, ¥, z) and
depths H( A, ¢) were the same as in [3].
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Now we will proceed to a descrlptlon of the computation algorithm. lor a
column of fluid of the height H and with a unit base the potential energy

can be determined in the form
H

E=—-g Yp (» o, 2) zdz.

In the case of stable equilibrium with the density 0(z) the cited formula
determines the unavailable potential energy

—— H—
E:——gS n(z) 2dz.
0

The available potential energy is found as the difference
AME=E—E.

Denoting by asterisks the characteristic scales of the corresponding ‘para-
meters, by means of the relationships P=Poo -§*§ "', z, H = H¥2', H',
A% =E*LE' = g5 *H*2A E' we convert to dimensionless variahles, remov—
ing the primes, we obtain T

AE=11-11, ﬂ:szdz.

We will stlpulate a set of numbers ,Sk satisfying the conditions O< 5N
5 N-1 <o < S 1< max 5, At the i-th station (center of a 1° square) we
determine the limits Zk of the "equivalent layers" using the expressions

=0

j adz:i_i-k(zg)_.zl')l), kR=12.... M
20 .

2V =0.

The system of these equations 1is solved successively: z(i) determined from
the k-th equation, is substituted into the following equation, which is
the"l solved relative to z( ). Each of the equations (1) was solved by the
"raunging" method As the 1n}tia1 value z'1) we selected the first standard
horizon zy > zk_1 and found the value

1 m :
=0 j 8dz, (€3]
Zm—Zpy Y,
Zx—1

which then was compared with stipulated § k. If O was greater than S Kk
as the next approximation we selected a point to the left of zy, other-
wise, a point to the right of zp._ The process was repeated up to the time
that the ¢ value coincided with 5 kx with a stipulated accuracy of € .

In applying this algorithm the integrals (2) were computed analytically
with the use of a spline (cubic spline) interpolation of a stipulated (at
standard horizons) distribution of disturbance of density § at each sta-
tion [4].

Using the constructed z(i) curves, we determined the total volumes (with
an accuracy to a constant factor) of the equivalent layers
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V,=Y () —z{1,) cose.
i

where summation is extended to the entire considered region and %y
denotes the latitude of the i-th station., Then we carried out the "over-
Elow" operation for the purpose of constructing the density distribution
d (z) corresponding to a state of stable equilibrium, The boundaries of
the equivalent layers in this state were determined from the system of
equations A
Vi==(z), n=12.. ., N,

M PRe 3

™Ma

!

where the function 1 (z) determines the volume of the part of the ocean
situated above the z horizon and is equal to

H
_ z, if 2=
()= Y d,(2) cosg, d,= z>H,

130
T

140
L7

50

& 4
1]

g &
4

|
130

Fig. 1. Computed distribution of surface density of available potential
energy /\E.
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By virtue of the plecewise-linear nature of the function T(z) equations
(3) are easy to solve. If the stations (squares) are numbered in order of
increasing bottom depth in them, we obviously -have

. n
(Hi—H;_y) [2 Vj—= (Hi-l)]
n =1 i

W= (A —= (Hi_p) ‘

where H; and H;_4 are such that i
* i1 t(Hio) =X V<= (H)

i=1

After determining :'z\n the 3 k Vvalues were assigned to the horizons

- 1 » A
) zk=—2—(ak+zk_1), k:l,2,. e, N,
and it was assumed that —z_o = 20 =0 and § 0= 3_1 Using these data at each
station we found the available potential emergy ] .

A total of 488 stations participated in the computations. At these we had
the mean long-term vertical density distributions for August. Two methods
for sampling the & i Dpumbers were examined. In the first case as 5k we
used the mean § values at the k-th standard horizon. In the second case
these values were determined from the expressions
H
(2p — Z11) ak:-"v‘\ 3 (2) dz,
0

where S{'ﬁﬂ(z) was constructed by the first method and N was equal to the num-
ber of standard horizons at the most deep-water station. In both cases the
results of computations of A E were quite close, differing by a value of
the order of £ .

Now we will examine the results of the computations.

E-103x/2pad J/de gree
[

Fig. 2. Computed meridional distribution of APE in one-degree latitude zones.
Figure 1 represents the ébmputed Ag field; one dimensionless unit corres-
ponds to a surface density of APE equal to 25-105 J/m?, 1t is interesting
to note that the zero equipotential line very precisely corresponds to the

mean position of the Kuroshio axis (for example, see [4]). The maximum posi-
tive & E value, equal to approximately 225-103 J/m2, is attained in
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the region of tie Idzu-Bonin trench. A minimum value of about ~160- i:°J/
m? s discovered in the eastern margin of the computation region in &
square with the coordinates 39.35°N, 159.5°E in the region of the northorn
periphery of the Shatskiy Rise.

The computed Z\ E distribution has a quite complex spotty character. How-
ever, on the average the surface density of APE decreases from south to
north. This can be seen clearly in Fig. 2, which 1is a graph of the mer-
idional distribution of the APE reserve in one-degree latitude zones.

The total quantity of APE in the considered region was 3.12-1018J, which
is approximately 100 times less than the value cited in [2] for the entire
Atlantic Ocean. Dividing by the surface area (about 5 million square kilo-
meters), we obtain the mean surface density of APE A Epean = 6.35-100 J/
m2, which agrees in order of magnitude with the estimates obtained for

a model ocean in [5]. The mean depth of the region is 4,800 m; therefore,
for the mean volume density of APE we obtain a value 1.32-102 J/m3, which
is approximately five times less than the corresponding estimate (7'102J/
m3) for the Atlantic [2] and almost twice less than the theoretical esti-
mate for a model ocean (2.4:102 J/m3), cited in [5]. The somewhat under-
stated value which we obtained for the mean volume density of APE is eas-
ily attributed to the quite large mean depths of the considered region,

as well as the limited nature of the entire region. Nevertheless, the APE
reserve was quite large; as a comparison we recall that the kinetic en-
ergy of a cubic meter of water moving translationally with a velocity of
10 cm/sec is 5 J/m3.

Figures 1 and 2 show that in the considered region the entire APE reserve
is concentrated to the south of the Kuroshio, whereas in the northern part
there is an APE deficit. In general, the system has a definite energy lev-
el [1], which is determined by the mean APE surface value. Only with the
active exchange of water masses through the Kuroshio front can there be

an evening-out of the A E distribution and a general decrease in the en-
ergy level. One of the possible mechanisms of such exchange can be related
to baroclinic instability. From this point of view it is interesting to
compare the computed A E distribution with the results of computation of
the characteristics of instability of integral circulation in this same"
region [3]. The mentioned study gives maps of the distribution of sectors
of directions of propagation of unstable disturbances for different wave-
lengths. These maps show that precisely the least unstable zone is the
zone of the southern periphery of the Kuroshio, which approximately corres-
ponds to the maximum meridional gradient of zonal density of APE in Fig.
2. Since in both cases the basis of the computations was one and the same
mean long-term data, then it is evident, naturally, that in general the
Kuroshio is a quite stable dynamic formation which also sustains the drop
In energy levels of individual parts of the ocean along both sides of the
current itself. An impairment of such an equilibrium can occur as a result
of the season-to-season or year-to-year variability of intensity of the
subtropical circulation ring, a link in which is the Kuroshio. During
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such periods there 1s a redistribution of part of the APL as a result of
meandering and active eddy formation. However, it is not clear whether
these phenomena were generated by baroclinic instability or whether their
nature is completely different.

We note in conclusion that recently the opinion has been expressed (for ex-
ample, see [6] and the corresponding discussion) that a study of the stabil-
ity of averaged circulation in general cannot answer the question as to

what might be the sources of existence of real synoptic eddies.
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Abstract: The authors examine the mathematical
basis of the exponential smoothing method. It

is shown that the method can be used in the ap-
proximate prediction of inertial sea hydrolog-
ical processes, in particular, the mean annual
salinity of sea water, for a period of 2-5 years
in advance. In the example of the long-term var-
iation of salinity in the Sea of Azov the article
examines the peculiarities of use of the method
and its shortcomings. An approximate prediction of
salinity of the Sea of Azov for 1978-1980 is given.

[Text] The prediction of variation of sea hydrological elements for several
years in advance is a timely problem in oceanography. This problem is ac-
quiring more and more practical significance in the modern stage when on

an increasing scale there is an anthropogenic modification of the regime of
southern seas -- the Sea of Azov, the Caspian Sea and the Aral Sea. In all
these seas the removal of the fresh runoff of rivers is leading to substan-~
tial changes in water salinity. A prediction of the future sea salinity val-
ues, at least for several years in advance, is necessary for the proper plann-
ing of fishing, the quantities of removal and replenishment of f;esh water,
etc.

Different methods are used for long-term prediction in oceanography [1, 3, 4,
6]. However, the complexity of sea hydrological processes, with the present
status of science, for the time being does not make it possible to obtain

the precise values of sea hydrological elements for several years in advance,
Therefore, in oceanography it is better to speak of an approximate prediction
of the surmised long-term values of hydrological elements, stipulating the
conditions under which the determined predictable values can be observed.
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During recent years in economic science the exponential smoothing method

is used for predicting the output of industrial production for several
years in advance. This method was developed in general form by R. G. Brown
[7] and was put into practical use by H. Grunwald [9], Yu. L. Selivanov and
D. 1. Kleandrov [5], G. S. Kil'dishev and A. A. Frenkel' [?]. In this ar-
ticle we consider the possibility of using this method for an approximate
prediction of the mean annual water salinity values for the Sea of Azov.
The Sea of Azov was selected because here, during the last 20 years, in
connection with the uniformly increasing intake of the runoff of the Don
and Kuban' Rivers, there has been a monotonic increase in water salinity.
The article also is cf methodological importance, and therefore the computa-
tion method is set forth in adequate detail.

Essence of the Exponential Smoothing Method

The essence of the method is that a long-term empirical series is smoothed
by a weighted moving mean in which the weights conform to the exponential
law. This ensures a reliable description of the process at the end of the
smoothing interval, where the weights are maximum. If the temporal variation
of the sea hydrological elements, especially water salinity, has a definite
inertia, in which the process during the predicted period transpires under
the same conditions as in the period to be analyzed, the moving expomential
mean can serve as a tool for an approximate forecast. This, on the one hand,
is a serious limitation or the method applicable to the long-term variation
of sea hydrological elements, since the probability, for example, that the
increase in water salinity observed during recent years in the Sea of Azov
will have the same character in the future as well is small. On the other
hand, the method takes into account the basic structure of the available
empirical series and is capable of showing its future trend. No more can

be expected from this method. A prediction of salinity is made using expan-
sion of the initial long-term empirical series into a Taylor series. As in-
dicated by Brown and Mayer [4], any derivative of this series can be ex—
pressed through linear combinations of exponential means with computation
of recurrent corrections to the coefficients of the equation.

The exponential mean of the k-th order for the ¥t series has the expression
Sl (y) = 2 SP-1U (y) + (1 —a) SI¥, (y), (1)
where & 1is the smoothing parameter (0< & < 1),

Each new exponential mean is equal to the preceding plus a fraction of the
difference between the new terms of the series and the preceding smoothed
values of this series. Equation (1) is a linear combination of all past ob-
servations; the weights of the preceding values decrease in a geometrical
progression. Thus, the derivatives in the Taylor expansion are obtained
from the equations

Si(y) =&y, -+ (1—2) SN (y),
e () =ayr (1—2) SN () 2

79
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0
FOR OFFICIAL USE ONLY

S (y) = a8 (y) 4 (1 —a) S, (), 2)

S () = a S (V) (1 —a) SP ().

In order to express the coefficients of the trend equation through the ex-
ponential means using the theorem [4], we obtain a system of equations re-
lating the coefficients ap, a; and ap to the exponential means S[l](y), ngl(y)

and S£3,(y). For example, for a quadratic model, where the trend is expressed
by a second-degree parabola

ye=a,+at+ ——:— .t (3)

the system of equations has the form

A —a A e} (2 — A
S}” (.V) = aO - l a = al + “ 2)((3_\ a) (11»

A 2 (l—a) A (1—a){(3—2a) A )
S(y) = ay ——— a, + - a,,

A 1—a) A 3 (1l—a)(4—3a) "
Sw@y:%—ﬁ(a“)ary ( ?; a,.

The coefficients 30, 31, 32 for each year in the actual series for the pre-
dicted years are computed using the following formulas

2y =3 (S (y) — SI ()] + S (y).

- A

a, = _2_“—__.)_ [(6—5a) S (y)—2(5—4a) SP (v) (5)

+ (4 —3 a) SP (y)],

, @, = i [SP ) =2 SP(9) + SP ).

Prognostic extrapolation of the empirical series is accomplished using formula

3.

The mathematical error in the forecast is equal to

oo V2ax3 a3, (6

o T . . .
where “E is the mean square error, computed using the deviations of the em-

pirical values from the trend line.

1t can be seen from formula (1) that for carrying out the computations we
first stipulate the initial conditions S o1’ which are computed using for-
mulas (4). In this case the coefficients 4g, 4] and 32 are taken from the
trend equation (3), computed by the least squares method.
80
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The accuracy of the extrapolation is dependent on the proper selection of
the & parameter. If & is close to 1, the last values of the empirical series
will be more taken into account.in the forecasting. If & is close to 0, al-
most all terms in the empirical series are taken into account. In computa-—
tions on an electronic computer the & parameter can be selected quite pre-
cisely and it is first obtained from the formula

a:_m%l_' (7)

where m is the smoothing interval,

The smoothing interval is dependent on the fundamental periodicity and length
of the long-term empirical series, but when m3>10 about 87% of the weight is
3 assigned to the last terms of the series.

Computation Algorithm and Results

In order to compute the changes in. the mean salinity of the Sea of Azov we
took an empirical series of its mean annual values from 1957 through 1973.
Using this series, by the least squares method we calculated the parabolic
trend:

- Y= 11,5175 ~ 0,1394 £ + 0,0114 22, (8)

The mean square error of deviations of the values of the series from the
trend is O = 0,08, Then, using formula (4) for the series from 1957 through
1970 we calculated the initial conditions with the values & = 0,1818 (m = 10)
and with & = 0,3333 (m = 5). Using the successive approximations method, ex-
trapolating the series to 1973 and comparing it with the actual values, we ’
selected the precise value m = 6.5 (& = 0,2667).

It should be noted that the choice of the m parameter (and this means X as
well) is accomplished best of all using an empirical series divided into

two parts. A model of the second part of the series is computed from the
first part of the series for different m values. For different m values we
find the deviations of the computed values in the second part of the series
from the empirical values and determine the dispersion of these deviations.
The m value for which the minimum dispersion is obtained is used for the
forecast. The initial conditions computed with m = 6.5 were equal to:
sILl(y) = 12.1064; s[21(y) = 12.8636; S[31(y) = 13.7950. Using these dnitial
conditions, beginning with 1957, employing formula (2) we obtain SLl](y),
ng (y), S£3 (y), 8y, 81 and 4y for each year. The computed salinity values
yt were determined using formula (3). The predicted salinity values from
1973 through 1980 can be obtained by a dual method: b{ computin 30, a1 32
for each prediction year on the basis of the values Stl](y), S£ Iy, S£3](y)
rglatiug’to 1973, or considering them recurrently, The computed and predicted
Yt values are cited in Table 1. The extrapolated y: values here were computed
on the basis of 1973 conditions.

81

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



CIA-RDP82-00850R000100100036-0

2007/02/08:

APPROVED FOR RELEASE

FOR OFFICTAL USE ONLY

0 921 8820'0 6522'0 £686°Gl ISR AT 8604 11 €881l g0 F'el 971 €261
r'o— €gl 20€0'0 9€95°0 202031 8LIFTT 0COF 1 1 908911 0 ¢'gl el 761
0 1'gl 80€0°0 TeER'D £ee8'l1 [ax4 AN 8ECE' 11 TLSE ' 0'g1 1'g1 1261
€0 9'11 2520°0 £€S1°0 €BLEI1 €651 €581 L183'11 'y g1l 61t 0261
8'0 o't 20100 0£00'0— 926601 292811 0823'T1 89601 | g0 911 811 6961
20— it 6€10°0 F610°0 €060 11 €819'11 12ee't1 1911 g'o— | Sl (Y] 8961
€0 601 TL00'0 3£50°0— $S26'01 S03L'11 Lo 11 19¢1°'11 20— | #u [l 1961
0 601 0£00°0 ¥390°0— 3126'01 29€8'11 SL6K'T1 011z vo— | g1 60! 9961
0 g1l ¥810'0 $0£0°0 210811 00961 1 L1091 cz8ell g'o— | &1 201 €061
g'o— 911 0620°0 ¥801°0 24l v060°'G1 SIBY'II TE6b'11 0 ' ' F961
g'o— 811 26£0°0 2891°0 €€99'T1 06€3'1 €0SL'T1 ¥8SSI1 30 ' el €961
€0 g1l 9€£0°'0 €LL0'0 668€'11 L91¥G1 103811 8LLV'IT L'0 1'H 81l 2961
10 gl L1€0'0 89300 6G8Z'11 L8€9°31 V6l ] ce6ri 1 €0 ' ¥ 1961
s'0 o'tl 8230'0 §280'0— yeL0'll £v88'¢1 0801°G1 €P0S°11 ¥0 111 sl 0961
€0 601 2810’0 09ri‘o— 6190°11 9991°¢l 6L3ee! 692911 0 gl it 6S61
1'0 01t ¥S10°0 9881'0— 95111 LILY'El 928521 6608°11 To-1 ¢n 1t 8261
LRy ¢ 79 i p oy (£)ls (€)1 (&) ¢ [y “ "§ Xy " pwww
. . M Iy Iel e ws L S N B
m _
poy3an Suryloowg TeriIusducdxy Lq LAITUTTES FO UOTIBLINdWO) BATSSDIONG
T @T9BL

82

FOR OFFICIAL USE ONLY

CIA-RDP82-00850R000100100036-0

2007/02/08:

APPROVED FOR RELEASE



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

It is infeasible to make a forecast for a long period because the existing
"latent" polyharmonic component of the long-term time series for salinity

in the Sea of Azov, dependent on long-range climatic factors, sooner or later
will introduce a substantial correction into the predicted values which can-
not be taken into account by the considered method. Table 1 shows that the
last three years (1970-1973) are described by a mathematical model with a
maximum error +0.1°/°°, It can be expected that the predicted salinity val-
ues from 1974 through 1980 will have the same error. But this is only in a
case if there is persistence of the hydrometeorological conditions exerting
an influence on the change in salinity of the Sea of Azov during 1957-1973
(nonreturn removal of fresh-water runoff with an increase from 9 to 12 km3,
annual fresh-water runoff in the range 18-21 km3). With adherence to the
hydrometeorological conditions exerting the strongest influence on salinity
of the Sea of Azov, especially at the end of the computation interval (1970-
1973), the approximate forecast from 1974 through 1980 looks as follows

(Table 2).
Table 2
Actual and Predicted Salinity Values in Sea of Azov
JeMeHT 1 1974 1975 1976 1977 1978 1979 1980
S%a0 aMmupHy. 2 12,9 13,1 13,7 133 . — — -
S% pacueTH. To
psay 1957—1973| 12,9 13,2 13,6 14,0 14,4 14,9 154
- : %00 3 0,07 0,07 0,08 0,10 0,11 0,12 0,14
S%p pacyetH. To
paiy 1957—1977| — — — —_ 13,9 14,2 14,5
%00 - —_ — —_ 0,06 0,07 0,07
KEY:
1. Element

i 2. Empirical
3. Computed from series...

The table shows that prediction of salinity in the Sea of Azov in 1974, 1975
and 1976 was justified with an accuracy to #0.1°/oo, and the forecast for
1977 has an error of 0.7°/0o, which, to be sure, is unsatisfactory. The rea-
son for the m@rked decrease in salinity in 1977 was a considerable increase

B in fresh-water runoff (by almost 10 km3) as a result of high levels in rivers.
Thus, the climatic factors disrupted the monotonic increase in salinity of
the Sea of Azov; therefore, the forecast for 1978-1980 will be incorrect. As
already mentioned, the considered method does not make it possible to predict
this sort of change. Despite this, the exponential smoothing method will

» without question find use in oceanography for the extrapolation of different
kinds of hydrometeorological trends having a stable tendency. Using this
method it is possible to find the reasons for the deviations of the computed
values from the observed values and give them a physical interpretation. In
our case, for example, with persistence of the hydrometeorological conditions
of 1970-1973 (close to the mean climatic conditions of these years for the

23
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Sea of Azov hasin; removal of runoff increasing somewhat from year to year;
mean runoff in the range 18-21 km3) the forecast for 1974-1976 was justified,
whereas in 1977 the sea salinity should be 14°/oo. However, an increase in
the fresh water runoff by 10 km3 decreased the salinity value by 0.7°/co. This
important numerical dependence can be used in further computations. It must
be noted that considerable deviations of the actual salinity values from the
computed trend as a result of the influence of sharp changes in background
conditions not taken into account by this method do not change the detected
overall tendency of the process, but only somewhat shift this period in time.
For example, a refined forecast for 1978-1980, using the more prolonged fac-
tual series for 1957-1977 (Table 2), gives approximately these same values
of the annual increments of sea salinity.

It should also be stated that the exponential smoothing method henceforth can
be improved applicable to the problems of predicting sea hydrological pro-
cesses,
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PREDICTION OF THE QUALITY OF RIVER WATER DURING THE PERIOD OF SPRING
HIGH WATER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 74-77

[Article by Doctor of Chemical Sciences F. Ya. Rovinskiy and Candidate of
Technical Sciences Z. L. Sinitsyna, Institute of Applied Geophysics, sub-
mitted for publication 25 December 1978]

Abstract: A study is made of a method for predict-
ing the quality of river water during the period

of spring high water for rivers whose runoff dur-
ing this period is formed for the most part by
slope water flowing from the watershed. The run—
off coefficient of ingredients used in the comput-
ations, obtained under natural conditions, makes

it possible in the prediction to limit oneself to
data on the reserve of ingredients in the watershed
only in the snow cover. The method is used in pre-
dicting the concentration of ingredients in river
water averaged for the high-water period and the dis-
tribution of the concentration with time.

[Text] The prediction of the quality of river water during the period of
the spring high water is an independent and important problem in practical
respects, methodologically unrelated to prediction during low-water periods

[3].

Spring high water is a characteristic peculiarity of the regime of most low-
land rivers in the USSR and can constitute up to 80% of the annual volume of
runoff [7]. The water discharges during the time of high water increase a
hundredfold, which is caused by the entry of melt water from the watershed.
For most of the unregulated rivers in the middle zone of the European USSR
the water runoff during the period of the spring high water is formed for
the most part <Y0% or more) due to the slope waters of the watershed and
will determine the quality of river water during this period.

The melt waters flowing from the watershed contain different substances which
have accumulated during the winter in the snow cover, and also falling with
rain and entaring from the ground-in the watershed as a result of interaction
. 85
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of the downflowing water and the underlying surface. In this case for rivers
or reaches of rivers in which there is absolutely no discharge of unpurified
waste water or Lf it is discharged in an Insignificant quantity, the mean
concentration of the i-th ingredient at the lowest-lying station in the
- watershed during the period of the spring high water can be determined
from the expression
C,::—%}.
' (€9)

where U; is the quantity of the i-th ingredient entering into the river from
the area of the watershed with the surface waters; W is the volume of the
slope waters.

The quantity..of the i-th ingredient entering the river from the area of a
watershed with melt waters is

- Ul——:fi N:-' ’ @)

where Nz:is the reserve of the i~-th ingredient in the watershed before melt—
ing of the snow; fi is the fraction of the i-th ingredient of its total re-
serve entering with the melt water.into the river channel or the coefficient
of runoff of the i-th Ingredient. Hence )

— fi N’; ) 3

C= . (3)
The fi and Nfzvalues are determined experimentally; the water volume W is
predicted.

The reserve of the i-th ingredient in the watershed Nglconsists of its quan-
tity accumulating in the snow cover falling with the rain during the period
of snow melting and the reserve of this ingredient in the soil layer, from
which the ingredient can enter into the downflowing water in the process

_ of its interaction with the underlying surface.

The quantity of liquid precipitation during the period of snow melting for

rivers of the middle zone of the European USSR is usually small in compar-

ison with the water reserve in the snow [1]; therefore, its contribution to
contamination of the watershed during this period must be considered insig-
nificant.

A determination of the reserve of ingredients in the soils of a watershed is
made difficult by the choice of the necessary depth of the layer in which it
is necessary to estimate this reserve., On the basis of the results of labor-
atory experiments [5] it can be assumed that the ingredients are washed out
of the upper layer of the soil, but the depth of this layer is dependent on
a whole series of factors, such as the type of soil, nature of the watershed,
slope, etc., an examination of which is beyond the scope of this paper.

A determination of the runoff coefficient for ingradienté from the watershed
is made experimentally in natural watersheds or in runoff areas set up on
the watershed. A determination is made of the reserve of ingredients in the
86 )
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snow cover in the experimental watershed or runoff area prior to the onset
of snow melting and runoff of ingredients from these areas. The runoff co-
efficient fjy is conveniently expressed in fractions of the reserve of the
i~th ingredient in the snow cover. The coefficient f{ obtained under natur-
al conditions actually reflects the process of formation of the quality of
melt water flowing from the watershed, including due to the underlying sur-
face. The use of this coefficient in prediction of the mean concentration
of the i-th ingredient in river water makes it possible to limit ourselves
to the reserve of the i-th ingredient only in the snow cover, that is

—  fi NP®

C1: "W—"v (4)
[CH = snow] where N?now is the reserve of the i-th ingredient in the snow cover
prior to the onset of snow melting.

In an investigation of the runoff of 9903y [4] and some other substances [6]
from the watershed with the melt water we found that the runoff coefficient
for these ingredients increases with an increase in the water runoff, to
witse

hi=fy (5)

where f'{ is a proportionality factor characterizing the fraction of the i-th
ingredient (of its reserve in the snow cover) flowing down with 1 mm of
water, y is the layer of water runoff,

Replacing the reserve of ingredients in the snow cover and the volume of
- slope water by the corresponding expressions '

N§nov = E?“OWXF and W = yF, (6)

where C{™V i{s the mean concentration of the i-th ingredient in the snow
water, x is the water reserve in the snow prior to the onset of snow melt-
ing, F is the area of the watershed, and substituting (5) and (6) into 4),
we obtain the mean concentration of the i-th ingredient at the lowest-lying
station on the river during the period of the spring high water

N
C=fTx. @

[CH = snow]

On rhe basis of the results of investigations in two watersheds in the basin
of the Moskva River during the period of the spring high water we establish~
ed a dependence between the concentration of petroleum producte, iron and
cobalt and the water discharges in the river at the lowest-lying station
(Fig. 1) in the form

) _, 9 (8)
i Q ’ .

7
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where Q(t) and Q are the water discharges at the time t and the mean slope
runoff for the period; fﬁ.is a proportionality factor determined from Fig.

1.
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Fig. 1. Dependence between concentra-
tion of the ingredient and water dis-

charge. a) petroleum products; b) iron;

Number of cases of (%)

N T W .. . PR —
o 20 %0 i 80 100
qucno caysced, v

Fig. 2. Probability (1) and fre-
quency of recurrence (2) of devi-
ations of computed concentrations

¢) cobalt, 1) watershed 1: Moskva River, from actual values during period
Rublevo stationg 2) watershed 2, Severka of spring high water in 1975

River, Pokrovskoye station

It was found that the value of the P4 coefficient is equal for petroleum
products to 0.92, for iron and cobalt -- 0.83.

Using dependence (8) and substituting the value of the mean concentration Ei
from expression (7), it is possible to compute the change in the concentra-
tion of the mentioned ingredients with time.

Cilty=nf; Cr x 22 )
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In accordance with the described method we carried out an analysis of the
content of some ingredients in the Moskva River in the upper reach at the
lowest-lying station Rublevo during the spring high water of 1975, the run-
off in which is 707 formed due to slope water from the unregulated watershed
basin.

The deviations of the computed mean concentrations from the measured values
(in percent) are:

Petroleum products =43 Chromium +7
Phenols +53 Antimony +32
Surface~active agents -5 Cobalt -18
Tron =45

The satisfactory convergence of the computed and experimental data confirms

the assumption made in the computations that the water quality in the Moskva
River in its upper reach is formed for the most part by slope waters in the

watershed,

Using the computed mean concentration of ingredients Cy, the value of the
ratio of water discharges Q(t)/Q at Rublevo station in 1975 and the coef-
ficient fji, determined for the watershed of the Severka River (right—hand
tributary of the Moskva River, unregulated water flow, watershed area 792
kmz), we obtained the distribution of the content of petroleum products,

iron and cobalt at Rublevo station with time in accordance with dependence
(9). An analysis of the curves of the frequency of recurrence and probabil-
ity of the error in the computed concentrations in comparison with the ac-
tual values indicated that the maximum frequency of recurrence of error corres—
ponds to the range of errors 0-10 and 30-40%. In 70% of the cases the error
in the computed concentrations is less than 50% of the actual value (Fig. 2).

Using this method we made a prediction of the water quality at the Rublevsk-
aya water-intake station during the period of the spring high water of 1976.
For this purpose prior to the onset of snow melting we deiermined the re-
serve of ingredients in the snow cover in the watershed, for which we took
snow samples and determined the content of ingredients in them. In the comput-
ations we used the experimentally determined coefficients £'{ [6]. The devi-
ation of the mean values from the observed values during the period for
phenols, surface-active substances and iron was 14, 40 and 25% respectively.
[The samples were taken and analyzed by the MosvodokanalNIIproyeky Institute.]
The predicted and actual values of the maximum iron' content coincided.
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. [Article by Professor A. A. Sokolov and Doctor of Technical Sciences S. I.
Kharchenko, State Hydrological Institute, submitted for publication 20
February 1979]

Abstract: A study is made of the problems in-
volved in'organizing water-balance stations

on ameliorated lands and the makeup of hydro-
meteorological observations at these stations.

[Text] Investigations at the State Hydrological Institute and at other or-
ganizations, carried out during the course of the last 15-20 years in ir-
rigated and drained lands, indicated that rational control of water, heat
and salt regimes of irrigated and drained fields, ensuring the obtaining
of high yields, maintenance of a good meliorative state and a high fertil-
ity of the soils to be improved, and also the rational use of water re-
sources, can be carried out only on the basis of a joint analysis and de-
tailed allowance for all the elements of the water, salt and thermal bal-
ances of the soil active layer and also the intensity of moisture exchange
in the aeration zone.

At the State Committee on Hydrometeorology and the USSR Water Management
Ministry specialists have been assigned the task of creating a fundamental-
ly new specialized network of water balance stations on irrigated and drain-
ed lands. In the years immediately ahead plans call for establishing 16
water balance stations: 10 in :irrigated fields (Khersonskaya, Semikarakor-
skaya, Saratovskaya, Maryyskaya, Khorezmskaya, Karshinskaya, Golodnostepsk-
aya, Amurskaya) and rice plantations (Kubanskaya, Khankayskaya) and 6 in
drained lands and lands with drainage-moistening amelioration work in the
humid zone (Rovnenskaya, Novgorodskaya, Vitebskaya, Nerovskaya, Meshchersk-
;aya, Tyumenskaya).

The principal tasks of the water balance stations are a detailed study of the

entire complex of elements of the water and salt balances of the aeration
zone and the water-bearing layer, heat balance, and also the intensity of

91

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY -

the moisture-heat-salt exchange between the aeration zone and the water-
bearing layer, ground water regime, salt rvegime of the soils, quality of
river and irrigation water.

The prinecipal characteristics of the established WBS will be as follows:

1) The WBS investigations will be carried out complexly, that is, all types of
hydrological, hydrogeclogical, meteorological and other observations will

be matched in area and will be carried out simultaneously by an integrated
method and using instruments of a definite accuracy;

2) Investigations of all elements of the water, heat and salt balances and

the factors determining them will be carried out simultaneously in different
structural components of the ameliorated system (field, extended area, re-
gion or contour).

This approach to the investigations will make possible all the types of col-
lected informatjon to be collated and the programs for obtaining these data
can be matched with the amelioration and other investigations carried out

in this region.

The theoretical basis for the organization of field investigations and sta-
tionary observations at WBS are the equations for the water, salt and heat
balances, which depending on the problems to be solved are used for a separ-
ate agricultural field, melioration system, territory or basin.

The balance equations used in the practical work of WBS include a large num-
- ber of components [2, 3]. For example, the general water balance equation

for an undrainable field for the soil layer from the surface to the water-
resistant surface has the following form:

P+M+Rﬂﬂ+Rnp+Rm‘_RH—RK—RP—ET—EK+ (1)
+45+Q,— Q=0

For a drained field:

Rn+RK+Rp+RI‘=RKO-1+RrVK' (1')

The water balance equation for the water-bearing layer (ground water) for an
undrained field from the impermeable water surface to the ground water table
is:

A Sep+Ruy—R —Fp +futFi—K+Qr—Qa=0. )
For a drained field:

R, = Resor + Rex ’ 2"

[Note: For equivalents of Russian notations see top of next page.]
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RUSSIAN NOTATIONS:

W= i(rrigation) nw= in i (inflow - irrigation)

p = p(recipitation) . TP = i{n p (inflow - precipitatlon)
r = g(round water) WF = in g (inflow - ground water)
K = c(anal) M KOL = col(lector runoff)

TWOB = surf K = c{ollector-drainage network)

The water balance equation for the aeration zone for the layer from the sur-
face to the ground water level is

P+ M+ Ruu + Rnp"— Ru_‘ Rp—Rkb_ Er—Ex_fn_fx—fp_ K (3)
+AW+ASHDB=O' .

Here P is precipitation; M is the irrigation norm; Rin is Rin p»> Rin g are
the inflows cnto the field surface by irrigation water, precipitation and
ground water; Rj, Rp, Rg, Rc «re the runoffs from the field of irrigation
water, precipitation, ground water, runoff (discharge) from canals; ET is

the optimum evaporation from an irrigated field (evapotranspiration); Ecol

is evaporation from the water surface of canals and other water bodies;

AS is the accumulation of moisture on the surface A Sgurf, in the aeration
zone /AW and in the water-bearing layer ASg; Q1 and Qp are the receipts of
ground water in the deeper horizons and their feeding from below by head water;
fp, fi{, fc is the infiltration of precipitation, irrigation water and filter-
ing from canals; K is the flow of ground water into the aeration zone (cap-
illary feeding from below); Repl is the collector runoff; R c l_is the
ground component of the collector runoff; Ry c ‘is the runof® og ground water
below the bottom of the collector-~drainage network.

A still greater number of components must be taken into account in an anal-
ysis of the water-salt (4) and heat (5) balances:

AS'PC‘SFP+R”’.C”nr—'RrC'?r + 5 G+ fu Cr + (4)
+/eCr + Qi Co,—Q, Co, =0, ‘ ’
PCo+MCy+ Ry Cr + Ryp Cr,, — RiCr, — R, Ca,—
~RCr.—foCr — £:Cr.— f, Cr+3WCw +
+ 8805 Css,,, + C, =0, ' (5)

where

Cpe Cu Coyy Ciyyo Ciyo Cr,e Cry Cry Cryp Cssyys Cwy Cas Cann Cay G

is the concentration of salts (respectively) in precipitation, irrigation
water, inflow of irrigation water, precipitation, ground water, surface run-
off of irrigation water, from canals, precipitation, runoff of ground water,
in water held at the surface in the aeration zone and in the water-bearing

it e nos’
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layer, and also in overflowing and head waters, in fertilizers, Cgis Cfes Cfp

are the concentrations of salts in the infiltration flow of irrigation waters,
from the canal, and from precipitation.

The heat balance equation is
R=P4+ B4V (6)
or

_R—P—8 (6"
E= L

[}

where R is the radjation balance of the active surface, P is the heat flow
in the surface layer of the atmosphere, V are the heat expenditures on evap-
oration, representing the product of the latent heat of evaporation L and
the evaporation value E itself.

For the practical use of the cited equations, #5 we see, it is necessary to
have a quite reliable measurement of a large aumber of parameters entering
into them and their changes in time and in space.

For this purpose the irrigation, drainage or drainage-moistening systems

in which WBS are established, should be outfitted with modern hydraulic
structures making it possible to determine the inflow and outflow of irriga-
tion waters (or diversion of moisture excesses from overmoistened lands),
all sources of surface, underground (ground water) and collector-drainage
runoff and the runoff of the river-water receiver within the limits of the
melioration system.

Water balance stations must be outfitted with instruments for measurement
and continuous registry of precipitation, ground water levels, temperature
and air humidity, radiation balance, filtering of ground water into the
aeration zone, evaporation from the water surface and transpiration of dif-
ferent agricultural crops, etc.

In order to obtain this research information it is necessary to carry out,
in a number of experimental fields or control sectors, whose number can
vary in dependence on the distribution and nature of the soils, the for~
mulated production tasks and the adopted crop rotation. The number can be
from 2-3 to 10-12. In more complex cases the investigations are carried out
in typical (key) sectors, situated in different irrigation or drainage
systems.

As an example, Fig. 1 shows the typical distribution of observation points
at one of the WBS situated in irrigated lands.’

In order to evaluate and predict the meliorated state of fields it is neces-
sary, simultaneously with study of elements of the water and heat balances,
to carry out investigations of the soil cover (peculiarities of genesis,
94 K
X

A
N

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FUK UPFPLULAL UDE UNLX

hydrophysical, chemical and physicochemical properties), and also the ground
vater vegime (including head waters) and their quality. As an independent
complex problem we should mention study of the relationship between surface
and ground water with waters in the aeration zome. In this connection, the
investigations in the WBS experimental or control sectors must be mutually
tied in with observations of rivers which are sources of water or receivers
of water, which makes it possible to study the influence of melioration
measures on the regime, balance and quality of waters in the river basin.

For this purpose there must be more frequent hydrometric measurements of
water runoff in a river in different reaches, and also hydrogeological ob-
servations in boreholes near the channel and in the drainage basin as a whole.

The WBS program provides for observations ensuring study of the water regime
of surface water sources and ground waters, and also the water balance of
the aeration zone and the water-bearing layer in agricultural fields,
ameliorated areas and river basins with well-developed melioration, At the
same time, a study will be made of the mineralization of ground and surface
waters, and also soil solutions, the salt composition of the soils, its tem-
poral dynamics and the distribution of soils in area. This will make it pos-
sible to determine the salt balance of agricultural fields, ameliorated sys-
tems and river basins, and on this basis formulate a prediction of their
long-range changes. The principal objective in study of the radiation bal-
ance, the turbulent flux of moisture and the heat flux into the soil is the
detection of the energy resources of moisture and salt exchange in ¢melior-
ated agricultural fields. : o

The created network of water balance stations on ameliorated lands is intend-
ed for solution of a series of important practical problems related to in-
creasing the effectiveness of agriculture in ameliorated lands and the
rational use of water and land resources:

—-- validating the norms for water requirements and water diversion and return
waters for irrigated lands and lands with drainage-moistening melioration;

-- monitoring the ameliorated state of lands in irrigated and drained sectors
and development of a method for predicting the levels of ground water, salin-
ization and desalinization of soils;

-- evaluation and prediction of changes in the chemical and nutrient regime,
hydrophysical properties of soils under the influence of melioration and
development of methods for using this information in the planning and use

of drainage and drainage-moistening melioration work; )

~- evaluation of the moisture supply for arid and semimoist (swampy) soils,
determining the reasons why areas become swampy, determining the degree of
swampiness and validating the principles for the drainage of swampy soils in
a humia zone, the drainage of overmoistened and saline soils in an arid zone;
-~ evaluation and prediction of the influence of melioratiorn on the environment,
change in water regime, balance and quality.

The most important task of the WBS is the routine supply of water and agri-
cultural agencies with information on precipitation, runoff, evaporation,
ground water level, water diversion, hydrophysical and chemical properties
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of soils and other characteristics necessary for planning, construction and
operation of melioration systems.

The water balance stations must be part of the control network of stations

and posts of the USSR State Committee on Hydrometeorology. This is new and

complex work for the administrations of the Hydrometeorological Service. It
requires much preparation.

In this connection, a task of the administrations of the Hydrometeorological
Service is active participation, jointly with agencies of the USSR Water Man-
agement Ministry, in the planning and construction of WBS, the training of
personnel in the field of meliorative hydrology, an increase in the level

of hydrometegrological support of agriculture on drained and irrigated lands.

At thé present time the agencies of the USSR Water Management Ministry are
carrying out much work for improvement and increase in the technical level
of amelioration work. In particular, in carrying out drainage work extemsive
use is being made of encldsed drainage, a changeover is taking place from
drainage by gravitational flow by the regulation of rivers receiving drainage
waters to drainage by means of machine pumping, with pumping stations for the
diversion of water into receiving rivers, drainage-moistening systems are be-
ing created, and the task is being formulated of creating and maintaining
the optimum water, air, heat, gas and nutrient regime of the soil and the
surface air layer during the entire growing season. In the next 20 years sys-
tems will be created for the automated control of water, air, salt, heat and
nutrient regimes for the soil, ensuring a considerable increase in the produc-
tivity of agricultural production. For this purpose it is necessary not only
to increase the level of the systems for collecting, storing, processing and
dissemination of information on the environment, but also to improve methods
- for the scientific generalization of this information and the validation of
more modern melioration procedures. .

In order to validate drainage-moistening melioration work and automatic con-
trol of water, air, heat and salt regimes there must be continuous informa-
tion (at 24-hour intervals) on the excesses of moisture and inadequacies of
water consumption, which can be obtained on the basis of a study of elements
of the water, heat and salt balances at WBS.

Figure 2 shows the 10-day values for the excesses of moisture and shortages
in water requirements for plants (Kingisepp hydrometeorological station in
-Leningradskaya Oblast) in a field occupied by grain crops in an arid, (1),
moderately moist (3) and moist (2) year [1].

This graph shows that during the course of the entire growing season the
moisture excesses during all years alternate with water requirement inade-
quacies. In moist and. moderately moist years the moisture excesses prevail

over the shortages in water requirements. In an arid year, on the other hand,
the water supply requirements are greater than the moisture excesses.
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Fig. 1. Diagram of placement of instruments and equipment in experimental
fields and extended areas in irrigation system., 1) main canal, 2) catastro-
phic discharge, 3) irrigation distributor, 4) collector, drain, 5) boundary
of experimental area, 6) experimental field, 7) hydrogeological borehole,

8) hydrometric post, 9) meteorological station, 10) runoff area, 11) pre-
cipitation gage point, 12) point for phenological observations, 13) lysi-
meters, 14) point for measuring soil moisture content, 15) water-measuring
post, 16) water balance sector, 17) field point for the collection and stor-
age of information and water management complex automatic control system.

Fig. 2. Ten-day values of moisture
excess 110-day; ¢ and shortages of

water consumption dg of grain crops
for hydrometeorological station
Kingisepp in Leningradskaya Oblast.
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Table 1

Mean Long-Term and Probable Values of Ten-Day and Seasonal Values of Moisture
Excesses and Water Requirement Inadequacies for Mean Depth of Ground Water 1.0 m
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1. Station, oblast
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4. Ten-day period
5. Moisture excesses, mm
6. Mean long-term value .
7. With different probability ‘
8. Kingisepp, Leningradskaya Oblast

This indicates that in order to create optimum conditions for plant cultiv-
ation in a particular field in the course of one growing season it is neces-
sary to both irrigate the crops and divert excess moisture from the field.
In such cases the arrangements for regulating moisture (techniques and ap-
paratus for irrigation and moisture diversion) must be extremely universal
because moisture excesses extremely frequently alternate with shortages in
water requirements.

Statistical data on moisture excesses and water requirement shortages over

a long-term period are given in Table 1 for the Kingisepp hydrometeorolog-
ical station. These data indicate that the alternation of moisture excesses
with shortages of water requirements are observed annually and in the course
of the entire growing season. These same phenomena to one degree or another
are also observed in other oblasts of “che Nonchernozem zone. Therefore, an
increase in the yield of agricultural crops in the Nonchernozem zone is pos-
sible only by means of constructing structures for the complex regulation
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of the life conditions for plants and especially the diversion of excess

moisture and the irrigation of fields which can function successfully only
when using continuous information on elements of the water, heat and salt
balances. :
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UDC 556.535.6(282.254.44)

METHOD FOR DETERMINING THE RUNOFF OF ENTRAINED SEDIMENTS IN RIVERS USING
DATA ON THEIR ACCUMULATION IN BACKWATERS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 85-90

[Article by V. S. Lapshenkov and T. A. Boguslavskaya, Novocherkasskiy En-
gineering-Melioration Instltute. submitted for publication 20 November
1978]

Abstract: The authors give a method for deter-
mining the runoff of bottom sediments in rivers
using data on their accumulation in backwaters
(in the example of the Malo-Kabardinskiy back-
water on the Terek River). The applicability
of the V. N. Goncharov and Ya. A, Nikitin for-
mulas for determining the runoff of entrained
sediments is demonstrated.

[Text] The entrained sediments in mountain rivers in mountain and foothill
reaches constitute a frequently small part of the solid runoff. But this
part is decisive in predicting the clogging up of the upper reaches of res-
ervoirs - and study of the dynamics of "underflooding" by ground water and
water accumulation under snow, in determining the most important ‘parameters
of rock slides, bridges and other river structures. The runoff of entrained
sediments determines the intensity of the positive deformation of the chan-
nel; their grain size and fractional composition determine the slopes and
and current velocities of the flow, the potential depths of local erosion
near individual structures and other morphological elements of the flow and
channel in the sector of accumulation. It is also known that the measurement
of runoff and the fractional composition of bottom sediments by hydrometric
methods is extremely difficult and therefore this is not done by the stations
of the Hydrometeorological Service.

What has been stated above makes clear that Jt is essential to organlze meas- .,

urements of the runoff of bottom sediments, at least in river reaches where
hydraulic complexes create backwaters and reservoirs. These measurements
are useful both directly in the operation of already constructed structures,
and also will be useful in the planning of structures on this same river or
on other rivers under similar conditions. At the same time it is obvious
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that the method and scope of field investigations must conform to a very
definite method for the analysis of data.

In the manual METHODS FOR MEASURING DISCHARGES OF SEDIMENTS AND STUDY OF THE
DEFORMATION OF RIVER CHANNELS AND INVESTIGATION OF SOLID RUNOFF [3] our Ffor-
mulas expressing the pattern of accumulative processes in reservoirs are also
recommended for solution of the inverse problem: for determining their run-
off. In this article we determine the runoff of entrained sediments in the
reach at Kotlyarevskaya station on the basis of the actual accumulation

of sediments in the backwater of the Malo-Kabardinskiy hydraulic complex.
Determination of the runoff norm for entrained sediments in this reach is
extremely necessary for predicting the accumulation of sediments in the
planned Tersko-Urukhskoye Reservoir.

Earlier it was demonstrated in [1, 2] that the processes of silting and sedi-
ment accumulation in reservoirs and backwaters for the most part have the
- following regularity:

[T0 = lim] V=V, (l—e—%). ‘ @

where V is the volume of the upper reach silted or clogged by entrained sedi-
ments, Viip is the maximum siltable, and in the analysis of clogging, the
maximum cloggable volume of the upper reach; ‘t is the time of silting (chok-
ing up or clogging); E is a characteristic of siltability or clogability of
a reservolr or backwater;

= _Vn -

T U (2)

where G is the mean annual volume of runoff of suspended (in the case of silt-
ing) or entrained (in the case of clogging) sediments in volumetric meas-
urement; €' is the fraction of deposits of sediments in the reservoir or
backwater at the onset of their accumulation:

' o =y S~ &

CET = €)

o, Sy are the turbidity of the flow and the discharge of sediments (sus-
pended or entrained) respectively at the entry into the reservoir (reflect-
ing the ordinary runoff of sediments); P', S’ are the turbidity of the flow
and discharge of sediments respectively, passed through the hydraulic complex
into the lower reach at the beginning of its operation.

Two computation equations were derived for solving the formulated problem
on the basis of formula (1). In the absence of necessary data the volume of
the maximum siltable or maximum cloggable volume of the reservoir can be de-
termined on the basis of the volumes of silting at different times using the
formula '

vi
[= lim] Vi = =7, (when t3 = 2t3), (%)
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where t] and tp is the time of accumulation of sediments; Vi and V2 are the
volumes of accumulation of sediments corresponding to this time.

On the basis of data on the actual accumulation of sediments the character-
istic of siltability (or sediment accumulation) is determined as:

_ lge
E= - tpm—my )

where rEV is the relative volume of silting or clogging:

[IT= lim] 1‘7':Tv-'
n

Now we will examine application of the method for analysis of data on ac-
cumulation of suspended .and entrained sediments in a specific example. The
factual data cited below on the accumulation of sediments in the upper reach
or backwaters of the Malo-Kabardinskiy hydraulic complex were taken from a
study by V. F. Shul'ga [5]. There is also some information not contradicting
Shul'ga's data in a study by G. A. Ter-Abramyants [4].

The Malo-Kabardinskiy hydraulic complex was put into operation in 1929; creat-—
ing a level rise, on the Terek River it formed a backwater whose length at

the beginning of operation was 790 m. According to data from the Administra-
tion of the Hydrometeorological Service, the water discharges in the region

of the hydraulic complex vary from 40 to 1400 m3/sec; the mean annual runoff
of suspended sediments is 3.4 million tons, and for bottom sediments -- 426
thousand tons (G. A, Ter-Abramyants reports that there are no data on the
runoff of bottom sediments).

The hydraulic complex includes: a concrete spiliway dam with a height of 2.59
m and a length of 288.5 m, a flushing water gate and a canal water intake,
situated on the right shore, and also a left-shore limiting dam with a length
of more than 3 km. In the backwater the velocities were considerable and only
the large sandy fractions were deposited from among the suspended sediments.
The deposition of the entrained sediments caused an increase in the flow
slope within the limits of the backwater and the extension of the backwater
upstream as much as 4 km.

Seven measuring points were developed and permanently established over a dis-
tance of 3,178 m in the backwater. Measurements at these points were made

in 1936, 1948 and in 1955. It was demonstrated in a study by Shul'ga that

as a result of sediment accumulation there was a rise in. levels. The volume
of sediment accumulation was: from 1929 through 1936, -according to data pub-
lished by D. G. Shaposhnikov -~ 485,000 m3, from 1929 through 1948, accord-
ing to Shul'ga's data -- 727,000 m> and from 1929 through 1955 -- 747,000

m3. The volume of deposits during the first seven years was 116% of the in-
itial capacity of the backwater, whereas by 1955 it had increased to 179%
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and the backwater extended beyond the limits of the area of effective meas-—
urements by Kotlyarevskaya station, being situated 3,178 m above the dam.
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Fig. 1. Increase in volume of accumulated sediments in backwater of Malo-
Kabardinskiy hydraulic complex on Terek River. 1) total volumes, 2) only
silting volumes.
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Fig. 2. Dynamics of volumes of accumulation of suspended and entrained sedi-
ments during silting and sediment accumulation in backwater of Malo-Kabard-
inskiy hydraulic complex. The figures on the curve denote the operating time
in years, beginning from 1929. The double circle shows points of actual meas-
urements, .

KEY:
1. thousands of m3 '
2. years

The dynamics of the volume of accumulated sediments is shown in Fig. 1 (it
is given in the articles of Shul'ga and Ter-Abramyants, but the points of
actual measurements were joined by a broken line, not by a curve).

First of all we note that the cited curve reflects the total of both silting
and other sediment accumulation. The article gives no information on silting
time, the volumes of silting or the fractional composition of the sediments
passing through the dam. Only one thing is clear: whenever silting occurred,
at this same time the runoff of bottom sediments in the backwater is fully
retarded. Accordingly, during the first years of operation the volume of the
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accumulated sediments must be not less than 426,000 tons annually (accord-
ing to Shul'ga's data). But it follows from an analysis of the curve in
Fig. I that there cannot be such a great runoff of entrained sediments in
the river since the total volume of accumulation of entrained and suspend-
cd sediments did not exceed 100,000 m3 annually, Bvidently, taking these
same Factors into account, Ter-Abramyants rejected data on the runoff of
scdiments.

There are considerable difficulties here in separating the sediments accum-
ulated in the backwater into '"suspended" and "bottom." In this example we
take advantage of the fact that from the time of the transit movement of
suspended sediments the accumulation of the entrained sediments conformed
to the dependence (1), whereas before this time silting occurred in accord-
ance with the same regularity (1) (with its own parameters) and sediment

accumulation:
t

Vs V:m + Vau = Vi a (1 - e_-_E;"'—) + Gt. (6)

AT I

[31 = silt(ing); T, 37 = max silt(ing)]
) Table 1

Volumes of Silting and Sediment Accumulation in Axes of Double Logarithms

taer 1
1 1 2 l 4 l 6 ‘ 7 8 ‘ 10 14 ’ 19 2 26
v .
o THC. a8 100 ] 175 | 308 | 423 | _485 [ 529 | 595 | 680 | 727 | 742 | 747
lglgt | —oof 1,479 11,78 | 1,802 11,9281 1,957| 0,000( 0,004] 0.107) 0,128} 0,151
Iglg V10,301 0,352 | 0,309 | 0,420 ‘ 0,430 0,4306| 0,444/ 0.152] 0,458( 0,458 0,458
: i

KEY :
l. years
2. thousands of m3

The curve in Fig. 2 has a different curvature, and accordingly, a different
pattern of accumulation of sediments: first it is turned convexly downward,
and then upward. The dashed line, drawn through the inflection point, separ—
ates these sectors and is tangent to both parts of the curve. Such a graphic
construction, with further analytical evaluation, makes it possible to find
the time of ending of silting of the backwater: it can be seen that six
years after beginning of operation of the backwater the silting ended. In the
seventh and eighth years the intensity of sediment accumulation remained al-
most the same as in the preceding years (the slope of this segment of the
curve is equal to the slope of the tangent). Moreover, due to the ever-in-
creasing part of transport of bottom sediments, the intensity of sediment
accumulation is decreasing.
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This determination of this moment in time agrees with Shul'ga's data on’
channel deformation in the lower pool (see Fig. 7 in her mentioned work):

as a result of the intensive total erosion of the channel for a length of
1-3 km the water levels in the lower pool decreased by 2.62 m (late in

1933) and only toward 1937 was a reverse trend noted and the levels increas—
ed by 30 cm. The latter occurred due to the entry of entrained sediments
into the lower pool; although these sediments consisted of fine fractions,
they stopped the further erosion of the channel, whose slope as a result

of ercsion was much less than formerly..

Using the curve in Fig. 1 we determine that during six years in the backwater
there was an accumulation of 435,000 m3 of suspended and entrained sediments,
This point can be used as the initial point in an analysis of the process
only of sediment accumulation. The maximum cloggable volume of the pool is
determined using formula (4). At arbitrarily selected moments in time (for
example, t3 = 5 years, and t2 = 10 years, that is, at the scale in Fig. 1,
this will be 11 and 16 years), using the curve we will determine the volume )
of the deposits 623,000 and 700,000 m3 respectively. But taking into account
the sediments accumulated during the first six years, the volume of silting
for 5 and 10 years, beginning in 1935, will be 188,000 and 265,000 m3 re-
spectively. According to these data, the maximum cloggable volume of the
pool is equal to i

Vmax clog = 3Ii8§ :j%gjzeﬁob = 319600 .

The characteristic of cloggability of the backwater is determined using for-
mula (5). For example, using data for 10 years the fraction of sediment ac-
cumulation is 265 000:319 000 = 0.830

0,434

F=—10 gsomy =564 years

10

Now we will check these parameters by computations using formula (1); for
this case it is written in the form
) t
V =319000 (1 —e 358)
The results of the computations are given in Table 2, from which it can be
scen that the results of the computations have a high accuracy.

Table 2
Volumes of Deposits of Entrained Sediments in Backwater
- t ner 4

7 9 11 ' 13 16 19 ‘ 21 l R 26
tp ner 2 1 3 5 7 0110 | 13 |15 18 20
Via, Thic. 43 3 AT 1 131,5( 187,5( 227,01 265,0| 287.0] 297,0] 306,0| 310,0
Van4-435-10%, Toic. #34486,7 | 566,5 | 622,0] 662,0] 700,0] 722,0| 732.0| 741 ,0 742.0
Vg, Tac. 43 0 — 1 = — — 727,01 — — 747,
Pasuocts, % +0.3% — 1 — — — 1—0,601 — — 1—-0.2
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KEY TO TABLE 2

I. Years

2o beomps years 3
Vclog’ thousands of m

4e V.1og+++thousands of m
5. Vaets thousands of m3

6. Difference, %

The runoff of entrained sediments can be computed using formula (2):

Vo on _ 319000
e B T.05.64

G= — 56,6 thousands, .

[ ™. 31 =max clog; 3 H = clog]

With a volumetric density of the deposits 1.9-2.0 tons/m3 the runoff of en-
trained. sediments in the Terek River at Kotlyarevskaya station was determin-
ed as the value 108-113 thousand tons/year. Here it should be noted that
earlier, as a result of special investigations, the mean long-term runoff
of entrained sediments was as follows

—- using the V. N. Goncharov formula —- 129 thousand tons/year

—— using the G. I. Shamov formula —- 49.5 thousand tons/ycar

-- using the Ya. A. Nikitin formula -- 97 thousand tons/year.

Here we should note the quite .good agreement of the results of determination
of the runoff of entrained sediments, computed using data on their accumula-
tion in the backwater and using the Ya. A. Nikitin and V. N. Goncharov for-
mulas., :

The determined runoff of entrained sediments also makes it possible to deter-
mine the characteristics of silting which occurred in the pool during the
first six years of its operation. These six years the runoff of the entrain-
ed sediments was completely held in the pool and the volume of their deposits
was 56.6°103.6 = 339,6 thousand m3, Accordingly, the maximum siltable volume
of the pool (435-340)-103 = 95 thousand m3.

The siltability characteristic is determined using formula (5). For example,
during two years of operation the volume of accumulation of sediments in

the pool was 175 thousand m3. During these same two years the retention of
entrained sediments in the pool was 56.6°103+2 = 113.2 thousand m3; the vol-
ume of silting was (175-113.2)-103 = 61.8 thousand m3. The silting fraction
is 61.8:95.0 = 0.652. The siltability characteristic of the backwater is

it
\

0,434 -
ot .. 14 years.
“ig(1- 0,652) by

o
i

We will determine the silting volumes during the first years:
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Viigg = Mool P
Table 3

Volumes of Silting During First Years of Operation of llydraulic Complex

1 t aer

ll? 3 4 B 6

83,5 | 88,0 | 91,2

~1
[t
[

i
o Vea, Tre a8 39,0 l 61.7
KEY:
1. years
2. Vgilr» thousand m

3

The fraction of suspended sediments precipitating in the pool at the beginn-
ing of silting was (using formula (2))

P 0 -
N W TN TTE =0,0147,

that is, only 1.47% of the suspended sediments were deposited in the back-
water. ‘ 4

The method, demonstrated in a specific example, made it possible to deter—
mine the mean annual runoff of sediments in the Terek River at Kotlyarevsk-
aya station. At the same time it was demonstrated that the formulas publish-
e¢d by Ya. A. Nikitin and V. N. Goncharov for determining the runoff of en-
trained sediments give extremely reliable results under the conditions pre-
vailing in the Terek.
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UDC 551.50:633.18(477)
METHOD FOR PREDICTING THE MEAN OBLAST YIELD OF RICE IN THE UKRAINE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 91-94.

[Article by V. M. Prosunko and Professor Yu. I. Chirkov, Ukrainian Scien-
tific Research Hydrometeorological Institute, submitted .for publication
29 November 1978]

Abstract: The authors derive an equation for
multifactor correlation between rice yield

and the density of the plant stand and the
mean air temperature for interphase periods,
making it possible to prepare a prediction

of the mean oblast yield of this crop. The
advance time for such a forecast is about

two months before the onset of crop harvesting.

[Text] In the practice of agrometeorological servicing of agriculture ex-
tensive use is being made of forecasts of the yield of different agricul-
tural crops, prepared differentially for each oblast. Such an approach to
the prediction of productivity of individual crops makes possible a more
complete allowance for the regional peculiarities of soil-climatic condi-

! tions and the agricultural methods and procedures used in cultivation in
different agricultural regions (hydrometeorological regime, soil fertility,
range of varieties, crop rotation, methods for workihg the soil, etc.) in
prognostic models.

Prugnosﬁic models of rice yield have been formulated applicable to the con-
dittfons prevailing in the Northern Caucasus [4, 7], Volga region [2], Far
Bast [13] and Central Asia [1].

In this article we present the results of investigations which make it pos-
sible to develop a method for predicting the mean oblast yield of rice cul-
tivated in the southern Ukraine. The initial data used were materials from
the Central Statistical Administration on the mean oblast yield for 1951-
1979 and data from agrometeorological observations during this period at
hydrometeorological stations situated in rice-growing regions of the Ukrain-
ian SSR. ' ¢
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Variations In the yield of agricultural crops in each geographic reglon

in which the agricultural techniques and equipment used in cultivation and
the sced varieties are the same are a result of variation of weather con-
ditions [3, 6, 10].

The cultivation of rice in our country is carried out under conditions of
optimum moistening. This 1s achieved by the flooding of rice paddies with
water during the entire growing cycle. As indicated by the studies of dif-
ferent researchers [1, 2, 4, 7, 13], the limiting climatic factor exerting
a dominating influence on the formation of the rice yield is the thermal
regime,

The integral and most stable biological index of rice productivity, as for
other agricultural crops [12, 14 and others], is the density of the produc-
tive stand.

The mentioned points served as a basis for developing a method for predict-
ing the mean oblast rice yield. As the multiple correlation predictors in-
cluded in the program for computations on an electronic computer we select-
ed the following productivity indices for rice: density of stems with ears,
characterizing the potential possibilities of the crop, and the mean air
temperature for the interphase periods of development "sprouting — leaf tube
formation" and "leaf tube formation - heading of panicles,” which reflects
the conditions for growth and development. The basis for selecting the
enumerated independent variables in the prognostic model of the yield was
their information content and significance, determined in pair correlation
with the mean oblast rice yield. The correlation coefficients between the
yield and the mean air temperature values during the mentioned periods are
0.52 and 0.64 respectively. The closeness of the correlation between the
rice yield and the density of the productive stand is characterized by a
correlation ratio 0.70.

As the dependent variable in the rice yield model we used the ratio of the
absolute value of the mean oblast yleld (y) to its statistical maximum
(Ymax), which was computed for each oblast with a probability 99.9% by the
Gumbel' method [5]. As indicated in [3, 6], the replacement of the yield
value by the ratio y/Ypax makes it possible to take into account such
factors constantly acting on the yield, characterizing the regional pecul-
iarities of individual regions of crop cultivation as soil fertility, agri-
cultural techniques and equipment, seed varieties and productivity of cli-
mate. This also makes it possible to increase the volume of the sample

for the statistical processing of data by means of combining data for dif-
ferent oblasts [11], which is extremely important in the case of short ob-—
servation series.

As a result of multiple correlation of the dependent variable y/Ypax and the
enumerated predictors we obtained the following linear regression equation:

5= s (0,325 1,4 0,018 x5+0,023 x5—0,250)
R=0,703+0,003 S, ==4,6 centners/hectare, 1
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where y is the mean oblast yield (limits of variation from 20 to 60 centners/
heetare); Ypax is the statistical maximum of the rice yield, equal to 65.0
centners/hectare for Krymskaya Oblast and 60.7 centners/hectare for Kherson-
skaya Oblast; x) is the mean (oblast) number of stems with panicles, divided
by 1000 (limits of change from 200 to 900 stems per 1 m2); X2, xq arc the
menn (oblast) air temperatures for the interphase periods of rice development

"sprouting ~ leaf tube formation" and "leaf tube formation - heading of pan-
icles," limits of change 17-23 and 19-25°C).

The probability of the deviations between the yield computed using equation
(1) and the actual yield, not exceeding the admissible computatior error
(0.67Ac = 4.4 centners/hectare), with the volume of the sample being 28
annual cases, was 82%. The deviations between the actual and computed data
considerably exceeded the admissible error in computations in those years
whose summer months were characterized by a marked negative heat anomaly.
This relates to 1973 and 1976. These years are characterized by a marked tem—
perature anomaly observed in the European USSR during the entire growing sea-
son. In particular, in Khersonskaya Oblast the heat deficit in comparison
with the norm for June, July and August was about 150°C in 1973 and more than
200°C in 1976. A decreased thermal regime at the beginning of the growing
season caused a poor bushiness of the plants, as a result of which the den-
sity of the rice stand after leaf tube formation did not exceed 360-400 stems
per 1 m®. In a subsequent period in the growing season a heat inadequacy had
a negative effect on formation of the reproductive organs, as a result of
which in the maturing of the rice there was a great number of underdeveloped
- spikelets, bareness of the panicle and puniness of the grain. According to
observational data for the Kherson agrometeorological station, the weight
of 1000 grains in 1973 was 26.4 g and was 4.3 g less than in 1975, favorable
with respect to the thermal regime. At the same time, the number of underde-
veloped spikelets was 10 times greater than in the compared year. In 1976
the rice sowing in the observation sector at the agrometeorological station
was mowed for hay due to the poor appearance of the panicles and nonmaturing
of the grain. On the basis of an evaluation of the influence of the heat short-
age on the yield we developed a scale of corrections by which it is necessary
to decrease the computed yield in years with a marked negative temperature
anomaly. The values of the corrections, expressed in percent of the computed
yield value, are given in Table 1.

The magnitude of the correction is dependent on the deviation of the sum of

mean annual alr temperature in June or July from the norm (AZt). This de~
viation
[T act] ALE=(ty—ty) n, (2)

where  tacr is the mean (oblast) mean monthly air temperature in the current
year; ty is the mean long-term value for mean monthly air temperature (norm);
.0 is the number of days per month.

In 1977, after rice ear emergence, that is, with an advance time of about
two months before the harvest, an experimental forecast was made of the mean
oblast yield of this crop for Krymskaya and Khersonskaya Oblasts. From the
111
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forecast it was expected that the yields would be 43.9 and 8.0 centners/hec-
tare respectively, whereas after the harvest the actual rice yield tor this
territery was 43.5 and 35.5 centners/hectare. The forecast was 100% justified
since the deviation of the predicted yield from the actual yield did not ex-
ceed the admissible error in computatiops and the relative errov
i
(s = Ycomp = Yact
/ ——_——— 100)
Yact

was 1% for Krymskaya Oblast and 7% for Khersonskaya Oblast.

‘Table 1

Correction to Predicted Mean Oblast Rice Yield in Case of Negative Anomaly of
Mean Monthly Air Temperature in June and July

OtkoHene cyMmu| 2 Beanunna nonpasku B %
CPeAUCCYTOGHBIX K nporuo%npye.\xou
Temneparyp or ypomaitHocTH
Hopuut, °C
1 3 HIOHb | 4 Wonb
31—40 6 3
41—50 8 4
51—60 10 5
61—70 12 6
71—80 14 7
81—90 16 8
91—100 18 9
KEY:
1. Deviation of sum of mean daily temperatures from norm, °C
2. Magnitude of correction in 7 of predicted yield
3. June
4, July

The method for agrometeorological forecasting of the mean oblast yield of rice,
developed using data from the rice-growing oblasts of the Ukrainian SSR, can
also be recommended for other rice-growing zones. In order to do this it is
necessary to compute the statistical yield maxima and carry out a preliminary
checking of the accuracy of computations on the basis of factual data during
the last 10 years for the purpose of ascertaining the systematic error, which
is eliminated by a change in the free term in equation (1). It must be remem- -
bered that the value of the statistical yield maximum is usually 8-10% greater
than the actual maximum value of the mean oblast yield. If in subsequent years,
as a result of improvement of agricultural techniques and equipment for the
cultivation of rice, its actual yield attains or exceeds the statistical max-
imum, the latter must be recomputed.
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UDC 551,(509.3:524)
DESCENDING FLUX OF LONG-WAVE RADIATION AT THE 50-mb LEVEL
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 95-98

[Article by Candidate of Physical and Mathematical Sciences L. R. Dmitri-
yeva-Arrago and L. V, Samoylova, Main Geophysical Observatory, submitted
for publication 2 August 1978]

Abstract: The authors computed the descending
fluxes of long-wave radiation at the 50-mb level
for latitude zones from 0 to 70°N each 10°. The
article gives a comparison of the results of two
variants of computations with different transmis-
sion functions with allowance for water vapor,
carbon dioxide and ozone. The comparison indicat-
ed that the results of the computations differ by
approximately a factor of 1.5-2. In the zonal var-
iation the fluxes have a maximum in the middle
latitudes.

[Text)] Computations of fluxes of long-wave radiation in models with-a great
vertical resolution are carried out for the troposphere and stratosphere.
As the upper boundary condition use is made of an equality of the descend-
ing current at the upper boundary of t“e atmosphere to zero [9].

In computations for the stratosphere 1& is necessary to take into account
‘the absorption of radiation by ozone, carbon dioxide and water vapor. In
models with few levels computations of radiation transfer are made approx-
imately. Allowance for the influence of ozone is difficult because in the
stratosphere there are usually no computation levels or there is only omne
. such level. In order to avoid this difficulty the fluxes of long-wave ra-
i“diatlon can be computed in advance for some level lying above the computa-
ltion levels or for the last computation level in the model. In such a case
“it is possible to use climatic data on the profile of temperature and
humidity, on the total content of ozone and carbon dioxide. The computed
values of the descending flux can be used as a boundary condition for com-
puting the long-wave flux in the troposphere on the basis of data on tem-
perature and humidity, obtained using a hydrodynamic model.
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Fig. 1. Diagram of notations.

However, it is necessary to take into account the difference in the spec-
tral composition of the incident radiation from the radiation of an ideal-
ly black body and use a modified transmission function [10].

In such a case for computing the descending flux A(z) it is possible to use
a formula derived in [10]
m,
. - { D’
Az - S‘ E('f)"([‘;,' (= m)ydg- -+ A (22) [)‘l(m._.-— m, M--mj). (1)
m .
liere my is the absorbing mass in the layer from the earth's surface to the
level zp, for which the fiux is computed on the basis of climatic data, M
is the effective absorbing mass of the entire column of the atmosphere, m
is the effective absorbing mass in the layer from the earth's surface to
some level z lying below zy (see Fig. 1), E =0T* is the radiation function,
D' is the modified integral transmission function, computed using the for-

mula
) D (w)--D (w + x) (2)
Dtw, %)= ———p 5y
where w=m, -m, XxX= A—m,,
H / n . |
m= (5 122 (7,,‘:'.'/ dz, (3a) (32)
o Cop o o
=\ ¢ {—) dz By b
" u‘ '”(A I’u) = B0 o

}"w is the density of the absorbing gas, n is an exponent taking into account
the influence of nonuniformity of pressure in the atmosphere on absorption.
For water vapor n = 0.5, for carbon dioxide n = 0.8, for ozone n = 0.25 [12],
Pg = 1000 mb, D(x) is the integral transmission function for ideally black
radiation. ' R
As the stratospheric computation level we chose the 50-mb level. The de-
scending flux at the level z2 is computed using a formula from [9]
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M

A(2) = ' ATy dD) (% -m.),
m

! (4)

where my and M are determined using formulas (3a), (3b).

The computations were made on the basis of quite detailed data on the vertical
distribution of temperature, ozone and humidity in the layer between p = 50

mb and p = 0.1 mb for different circles of latitude in January [13]. The
humidity value was stipulated approximately [12]. Since available informa-
tion on the descending flux of long-wave radiation at the level .50 mb is
extremely fragmentary [1, 2, 4], it was of interest to carry out two vari-
ants of the computations with different transmission functions in order to
obtain the possible interval of differences of this flux. We selected the
following transmission functions:

1) The F. N. Shekhter function [11], taking into account absorption by water
vapor, carbon dioxide and ozone:

D10, C0..0:) =D(H,0, COz)—A(0y), (5)
where
D (H.0, COy) = D* (myy ) — 3D, (6)
—0,605V m,,
D* (myy ) = 0,471 € SV,

. . ro.50 ¢ SHY M ®)

AD is the correctlon for more accurate allowance for COZ’ represented below:

m,, 0,0001 0,0003 0,001 0,003 0,01 0,03 0,1 03 1 3

100AD 74 8.2 8,5 89 9,2 7.4 5,2 22 0,2 0,0
A(04) is the absorption function for ozone, represented below, where m(03)
is the ozone content in a column from the upper boundary to the z-level

m(O3) 0,01 0,03 0,06 0,

1 0,
100 (A O;) 04 09 1,6 23

2 X

33 4,1 4,4

Tn this transmission function an allowance for absorption by carbon dioxide
was made approximately, using the relationships between the quantity of -
water vapor and carbon dioxide in the atmosphere. As the input value for

the function D(H20, COy) we use the effective water vapor content in the
atmosphere my.
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2) The Kh. Yu. Niylisk Function [7]

D(w®, u*, m*)==0001(AD)(w*, u*)
+ADy(w*, m?)),’ (8)

i .
where w*, u¥, m" are the effective absorbing masses of water vapor, carbon
dioxide and ozone.

Zlbl is a function taking into account absorption by water vapor and carbon
dioxide, ASDZ is a function taking into account absorption by water vapor
and ozone,

The computation formula (4) was written in a form convenient for approximate
computations

k
Almy) - Z E (T,'_.m)x

i=1

(o[£5)-o(821))

\f=itl \ /=i

9)

Here the k denotes the total number of layers into which.the main layer M -
m is broken down

E(Tiyp)=eT .

where Ty . j/2 is the temperature in the middle of the i-th layer, ZEWj is
the effective mass of the absorbing gas present in the j-th layer, computed
_ using the following formulas:

for ozone [8] —
Buwg ; =631 40, o — i,

(10)
where 663 . is the mean ratio of the ozone mixture for the i-th layer, g/g,
pi is pressure at the upper boundary of the i-th layer, pj.; 1s pressure

at the lower boundary of the i-th layer; :

for carbon dioxide [5]

18 : \1.8
s ey = w5((522)" - (52)°); o

for water vapor [3]

= e Cig1 (12)
AwHo—O,Ol( _+__i___)
? VPi VP.'.H :
X L —p0),
118

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

where o

Jo

40

0

LA Y L A A VR N A TR VIS J VR VI L JUY

is water vapor elasticity, mb,
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Fig. 2. Vertical distribution of descending flux of long-wave radiation for
different latitude zones (1l-4 ~- Kh., Niylisk transmission function; 5-8 --
F. N. Shekhter transmission function).

KEY:

1. wb
2. A cal/(cm?+min)

Table 1

Descending Flux of Long-Wave Radiation at 50-mb Level in cal/(cmz-min)

Wlnpota, epad

atitude, degrees =

0 10 l 20 30 40 30 60 70
0,0142 0,0146 I 0,0154 0,0150 0,0155 0,0155 0,0143 0,012+
0,0258 0,0262 0,0277 0,0271 0,0280 0,0280 0,0259 0,0226

On the basis of formulas (9)-(12), with the use of (4)-(8), we carried out

computations for mean zonal initial data relating to latitudes from ¢

= 0°

to ¥'= 70°, each 10°, The results of the computations are given in Fig, 2
and in Table 1. '

Figure 2 shows the vertical profile of the flux of descending radiation for
four latitudes zones for both variants of the computations. Table 1 gives
the latitudinal variation of the descending flux of long-wave radiation,
computed with allowance for its absorption by ozone, water vapor and carbon
dioxide with the use of the Shekhier and Niylisk transmission functions.

A comparison shows that the results of the computations differ by a factor
of approximately 1.5-2. In the latitudinal distribution all the values of

the flux decrcased toward the pole and equator and increase in the middle

latitudes. For example, at Murmansk station in winter the measured flux at
the 50~mb level is 0.08-0.1 cal/(cmz-min). At the same time the data in
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Table L (line 2) are quite close to the computations made in [1] for a dry
cold atmosphere where the flux values were obtained at an altitude 10 km
— A= 0,018 cal/(emiemin).

4

19.

11.

13.
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UDC 551.576.11
ROLE OF RADIATION IN THE FORMATION OF STRATIFORM CLOUDS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8; Aug 79 pp 98-99 .

[Article by Doctor of Physical and Mathematical Sciences Ye. M. Feygel'son,
Institute of Physics of the Atmosphere, submitted for publication 27 Novem-
ber 1978]

Abstract: The author comments on an article
by Professor L. T. Matveyev entitled '"Reasons
for Cloud Formation" [2].

[Text| The author of [2] assumes that he was able to demonstrate the second-
ary rele of radfation in the thermal regime and formation of St-$c-Ac clouds
and recommends that in the corresponding numerical models in the first ap-
proximation the radiation factor be neglected.

Such a recomnendation inevitably leads to a contradiction with the physical
laws cf thermal radiation.,

The fact is that a cloud radiates as a black body and the atmosphere above
the clouds has a far lesser emissivity. Therefore, the flux of descending
thermal radiation increases sharply, intersecting the upper boundary of

the cloud. A "thermal pit" is created which in the upper parts of model
inhomogeneous cloud layers ensures a cooling of about 10°/day [4]. For
these same physical reasons the flux of ascending radiation, passing
through the lower boundary of the cloud layer, here creates a zone of heat-
ing of about 1°C/day.

These radiation losses and the heat source near the cloud boundaries are
not only computed, but are also clearly detected using data from measure-
ments of radiation fluxes. It goes without saying that in real clouds the
radiation effects are smoothed (in part due to instrumenf inertia); never-
theless, they nttaln several degrees per day [4]. : .
2

The intensity df cooling and heating is dependent on the size of the cloud
droplets, the,pusitlon of the cloud boundaries, the distribution of temper-
ature and water vapor content -outside the cloud, and most importantly of
-all, the liquid water content gradient dw/dz near the boundaries [4].
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The radiation effect of St-Sc¢—Ac clouds is much greater than the similar

effect of Ns-As clouds because, according to the data published by L. T.

Matveyev, dw/dz near the upper boundary in the first case is much greater
than in the second [3].

In our opinion, there is no need to ask whether or not radiant heat exchange
exerts an influence on the cloud-formation process. Other questions are more
logical: what physical mechanisms arise as a result of the formation of such
a powerful "thermal pit,"how do they lead to its smoothing and what is the
resultant effect?

Tt is possible that these questions at least in part have been answered by
L. T. Matveyev, who demonstrated that in clouds turbulent exchange is intens-
ified in comparison with that in the surrounding space [3].

Now we will further discuss the direct argumentation of article [2].

1. The "results of computation of temperature change (AT) after 10 hours,
caused by absorption and emission of infrared radiation," cited on page 25,
in actuality represent the difference T' - T, where T is the temperature
computed in the L., T. Matveyev cloud-formation model [3] without allowance
for radiation, and T' is temperature in the same model with addition of a
radiation "block."

The cited numbers (AT = +0.3°C near the lower boundary of the cloud and AT
= 20.2°C near its upper boundary) do not at all mean a real increase or de-
crease in the temperature at the boundaries after 10 hours. The radiation
only changed the reaction of temperature to other forms of heat exchange by

the indicated —- not small -- values.

2. The radiation heating at the lower boundary of the cloud layer was almost
an order of magnitude less than the cooling at the upper boundary. Therefore,
the first, against the background of other forms of heat exchange, may not
be manifested and will not lead to an anticorrelation of temperatures at

the boundaries.

3. The aircraft sounding, whose data were used in [2], was carried out during
the daytime when the "thermal pit" effect, if not completely, was half reduced
by heating of the cloud by solar radiation [5].

b
i

4, If a comparison was made of temperature changes at the cloud boundaries
after 12 hours from the onset of cloud formation, the sought-for anticorrel-
ation of temperatures would probably be discovered under the condition that
other forms of heat exchange during this time retained their intensity. How-
ever, in the forming cloud layers considered in [2] the changes after 12
hours in liquid-water content and other factors mentioned above can lead to

both an intensification and to arn attenuation of radiation effects, and in-
dependently in the neighborhood of each boundary.
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This objection against the argumentation in [2] is basic; a similar discus-
sion is given on p 12 in [4].

We point out in conclusion that the author of this note does not insist and
mever hos Dnsisted on oo birst awnd Toremost role of radiant heat exchanpge in
Che clowd Tormation process, What we are talking about is the need Tor creat-
ing closed models in which all forms of moisture and heat exchange would’ in-
teract. Models of this kind are being created and as a rule take radiation
into account [1].
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UDC 551.576.1(234.9)
HELICAL CLOUDS IN THE EL'BRUS REGION
Moscow METEOROLOGIYA ‘I GIDROLOGIYA in Russian No 8, Aug 79 pp 99-102

[Article by T. N, Bibikova, Moscow State University, submitted for publica-
tion 4 December 1978]

Abstract: The article gives an example of a
rare form of helical clouds in the mountains

of the Central Caucasus, in the El'brus region.
The helical clouds developed during the flow- -
.ing of a WSW flow around El'brus in the presence
of a jet stream in the upper troposphere.

[Text] In mountainous regions circulations are manifested in the form of
special types of local weather with the development of definite cloud sys-
tems, in particular, wave orographic systems consisting of lenticular clouds
of the type Ac lent.

Numerous observations carried out in different regions of the earth made it
possible to prepare a detailed description of many varieties of orographic
clouds [2, 5). However, in nature it is possible to encounter such forms

a1s are not contained in special atlases of mountainous cloud types.

Yor example, on 3 August 1964, in the mountains of thg Central Caucasus, in
the neighborhood of E1l'brus, there were clouds of a.rare helical form. Fig-
ure 1 shows three successive photographs of these clouds for 1200, 1210 and
1230 hours respectively. The photographs were taken from Epchik Pass (2296 m
above sea level). Henceforth all elevations will be given from sea level.

Due to the exceptional form of the clouds we will briefly discuss the con-
ditions for their genesis and development,

On 3 August the weather in the Caucasus was governed by a low-gradient pres-
sure field and therefore during the first half of the day it was cloudless
in the mountains of the Central Caucasus. At 1200 hours the first cloud
appeared in the El'brus region; it rapidly began to change its configura-
tion and a spiral twist was formpd (Fig. la). At 1210 hours it developed

a distinct helical form (Fig. 1b). Then along the line of sight a similar
cloud developed which seemed to be considerably smaller on the photograph
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due tu its greater distance. The clouds retained their configuration for
17 minutes. At 1220 hours similar helical clouds began to form (n greater

number and by 1230 hours a whole series of helical clouds was formed (Fig.
le).

Fig. 1. Helical clouds ia the El'brus region. Photographs taken from Epchik
Pass on 3 August 1964. 1) 1200 hours; b) 1210 hours, c¢) 1230 hours.
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An analysls of the photographs revealed that the clouds had a distinctly oro-
graphic nature since their windward part remained in place (despite a con-
siderable wind velocity in the cloud layer) and seemingly was "tied" to a
definfte toeal relicf. Only the leeward part of the cloud was raptdly drawn
out and twisted. Unfortunately, the photographs were taken from one point
and the position of the clouds and their dimensions can be obtained by stip-
ulating the corresponding altitude of the lower base. For this purpose we
used data from radiosonde observations at the nearest points: Sukhumi, Min-
eral'nyye Vody, Tbilisi and data from pilot balloon observations at Nal'chik
station. By comparing these data with the orography, it was possible to ad-
vance some well-founded hypotheses.

The central part of the Main Caucasus Range is oriented from NW to SE and has

" mean elevations of 3500-4000 m. Individual peaks attain 4500-5500 m. The
highest point is El'brus, in whose region the helical clouds developed. E1'-
brus rises to 5633 m.

Figure 2a shows the vertical profiles of temperature and wind from the wind-
ward (Sukhumi station) and leeward (Mineral'nyy Vody station) sides of the
range on the basls of radiosonde data for 0900 hours. Figure 2a shows that
the wind direction in the oncoming flow had a stable WSW direction (232-
253°) in the layer from 4000 m to the tropopause. If it is taken into account
that the direction perpendicular to the range averages 230°, it becomes clear
that the wind direction in the oncoming flow was deflected from the perpen-
dicular direction not more than 25°. Thus, the wind shear was caused for the
most part only by a change in wind velocity with altitude. The greatest ver-
tical gradient of wind velocity was observed at altitudes from 9000 to 10 000
m (6 m/sec per 100 m) and from 10 000 to 11 000m (12 m/sec per 100 m). In ad-
dition, in the layer 11 000-14 000 m there was a jet stream whose axis pass-
ed through the El'brus region (the wind velocity on the jet stream axis at-
tained 45 m/sec). The tropopause was situated at an altitude of 14 270 m,
that is, the upper boundary of the jet stream was situated near the lower
boundary of the tropopause.

The variation of temperature with altitude in the oncoming flow was as fol-
lows: in the layer 1000-1500 m the vertical temperature gradient was small

-- 0.3°C/100 m. At altitudes 2600-2800 m there was an isothermic layer, and
above, in the layer from 3000 to 3840 m, there was again a reduced vertical
temperature gradient —— 7»’= 0.33°C/100 m. Thus, in the lower layers of the at-
mosphere there was increased stability, which aloft was replaced by strong
instability. In the layer from 4000 to 9000 m the vertical temperaturé gradi-
ent was close to a dry adiabatic gradient ( 7 = 0.85°C/100 m). Again, stiil
higher, there was a layer with.a small temperature gradient, that is, from
9000 to 11 000 m ¥= 0,25°C/100 m. In general, the temperature variation
with altitude in the windward flow (Mineral'nyye Vody station) was similar

to the temperature variation in the leeward flow.

The relative humidity in the oncoming flow changed little with altitude and
in the layer from 3000 m to the tropopause itself averaged 20%. In the lee-

ward flow the relative humidity values were somewhat greater (by not more
than 15Z), nevertheless remaining small.

126
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

T i va e m Gt e Vitesa

Knowing the tilt of the photograph, the Focal length of the objective and
the enlargement of the photograph, it is possible to construct the plane
position of the clouds using the laws of perspective geometry. The results
of such a construction gave the following. [Comstruction from a photograph
taken at 1210 hours.] The clouds were formed behind El'brus, on its lee-
ward side (on the northern side). If 9000 m is used as the altitude of the
lower base, the length of the first (closest to Epchik Pass) helical cloud
was 16 000 m, and the second —- 9000 m. The distance between the helical
clouds in the direction perpendicular to the flow was 7000 ‘m. The "piteh" for
the larger cloud was 600 m. The rotation of this "screw" was to the right.
This can be seen particularly clearly in the/frames of the motion picture
survey of these clouds. n )

He aiso stipulated the altitude of the lower base of these helical clouds

at 11 000 m. The results of the corresponding computations are presented
below.

Dimensions (km) of Helical Clouds for Altitudes of the Lower Base 9 and 1l km

Altitude of lower cloud basese.veseencinees 9 11
Length of first cloud.veceseevevesseeneessslt 19
Length of second cloudeesssececeoceeeensaas 9 11
Distance between clouds (perpendicular to
£loW)eeeeeaeeonasnsoecssosasescescsaneaas 7 8.5
Pitch of "screw'..ceeieverieeeesnarerencnns 6 7
. 1 .
Comparing the computations of the dbrresﬁ@nding parameters for two different
altitudes, we note that they vary on the average by 207%.

Thus, an examination of the photographs of helical clouds together with an
analysis of data from vertical rounding of the atmosphere make it possible
to draw some conclusions:

. 1. The helical clouds were formed during the flow of a perpendicular SW wind
around El'brus.

2. The presence of a jet stream at altitudes 11 000-13 000 m, in all prob-
ability, is characteristic for helical air movements in the upper tropo-
sphere and helical clouds are indicators of these movements.

3. Clouds developed in a flow having thick layers with small vertical tem-
perature gradients. )

In conclusion it should be said that in the recent literature it is more and
more common to find articles indicating a helical nature &f air movement in
the mountains. Thus, investigations carried out at the Central Aerological

Observatory in the mountains of Central Asia in the neighborhood of Tashkent
using equal-altitude balloons made it possible to detect a helical structure
of the flow at altitudes 10 000-12 000 m [3].

\
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Summarizing everything which has been said, and also proceeding on the basis
of the conclusions which we drew earlier in a study of orographic clouds in
the Crimea [1] and the experimental results obtained by Shmeter and Pinus
[4], we made the assumption that the helical clouds developed near a layer
with the maximum wind shear under an inversion. In our opinion, the most
probable altitude can be considered the altitude 9000 m (if it is also taken

into account that the elevation of the underlying surface in the cloud re-
gion is more than 5000 m).
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Fig. 2. Results of observations of orographic helical clouds on 3 August
1964. a) vertical profiles of temperature and wind according to radiosonde
data for stations SukhumL (at left) and Mineral'nyye Vody (at right) (the
wind direction is given in degrees reckoned clockwise from the direction to
the north, The direction of the perpendicular to the main line of the range
is about 230°); b“ horizontal position of clouds under the condition that the
lower base of the nellcal clouds is at an altitude 9000 m.

KEY: .

1. V m/sec I 6. Helical clouds
2. Teberda River I 7. El"brus

3. Teberda T, 8. Dombay

4, Epchik Pass "9, Klukhori

5. Kuban' River 10. Gvandra

11. Dongus-orun Pass
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This fact is also confirmed by the studies of Angell, et al., who discover-
ad sectors of spiral circulation in the Los Angeles region over the southern
spurs of the Sierra Nevada. The vertical and horizontal dimensions of sectors
with spiral circulation were 600-1000 m [6].
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UDC 551.(461.25+465.755)

USE OF THE HIGH-ALTITUDE PRESSURE FIELD FOR INCREASING THE ADVANCE TIME FOR
SHORT-RANGE FORECASTS OF SEA LEVEL

Moscow METEOROLOGIYA I GIDROLOGIYA in Russiian No 8, Aug 79 pp 102;104

[Article by V. I. Andryushchenko, Arctic and Antarctic Scientific Research
Institute, submitted for publication 1 November 1978] ‘

Abstract: The .author proposes a procedure for
using steering current rules for increasing the
advance time of predictions of surge variations
in sea level.

[Text] Predictions of aperiodic variations of sea level are an important
component part of the system for hydrometeorological support of marine op-
erations. The effectiveness of planning of the latter is essentially depend-
ent on the advance time of the forecasts. However, the advance time of most
prognostic methods developed both in our country and abroad does not sur-
pass the time interval separating the cause f:sim the effect. The length of
this interval is different for different points, but its optimum value does
not evidently exceed 27 hours. It is possible to achieve an objective in-
crease in the advance time of level forecasts without making a synoptic
forecast for this purpose by means of use of additional information in the
form of actual AT5(pg charts related to the time of preparation of the fore-
cast. ' : :

In routine synoptic practice in the analysis and prediction of weather ex~
tensive use is made of the steering current rule, according to which the
movement of pressure systems and fronts occurs along the isohypes at ATSOO
in the direction of the high~level wind. The rate of movement of pressure
systems is proportional to the velocity of the high-level wind or the den-
sity of the isohypses at ATSOO‘ Since the variability of high-pressure
fields is considerably less tnan the variability of the surface pressure
fields, this circumstance is effectively used for prediction of movement of
surface pressure formations.

Applicable to level predictions, the steering current rule can be used for
transforming the coordinates of points at which atmospheric pressure is
read from the surface weather chart, The sense of this transformation is
to read pressure at that part of the surface chart from which with the
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greatest probability it is possible to expect movements of any pressure for-
mation. Thus, if in the prognostic regression equation as the predictors we
use the pressure differences or the coefficients of expansion of the pres-
sure field, in addition to that advance time for which the particular equa-
tion was computed, the transformation of coordinates of the points makes it
pussible to obtain an additional advance time. The leagth of this addlitional
advance time Is naturally determined as the minimum time interval T during
which the moving pressure system (such as a cyclone) can overcome the dis-~
tance between the centers of action of the surface pressure field. The cen-
ters of action (there are usually two) are those field regions, being situ-
ated in which a medium-scale cyclone causes the greatest rise or fall at the
investigated point. They are easily determined by simple averaging of the
surface pressure fields relating to the times of extremal level values.

Fig. 1. Example of transformation of coordinates at which surface atmospheric
pressure is read. a) initial grid of points, b) AT5gg chart 19 August 1972,
¢) transformation of grid points.

The principle for the transformation of coordinate points can be represent-
ed in the following way. Each point of the working grid is matched with the
middle of a unit segment oriented along the normal to the isohypses at ATsgqq.
Then 1t is displaced along the isohypses in the direction opposite the
steering current (high-altitude wind) at a distance proportional to the num-
ber of isohypses intersecting the unit segment. As a unit segment it is
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possible to take a part of the distance between the centers of action of
the surface pressure field, for example, a half.

Since the greatest path which a cyclone can overcome during the time T is
cqual Lo the distance between the centers of action in the pressure ficeld,
the ratio of this distance to the maximum number of isohypses intersecting

it at AT500 gives a distance unit corresponding to one isohypse. In order
that the obtained distance unit correspond to the length of a unit segment,
it must be increased by as many times as the unit segment is less than the
distance between the centers of action of the pressure field. For routine
work it is most convenient that the distance be express:d in degrees of lati-
tude. K

An example of transformation of coordinates of the points is illustrated in
Fig. 1, in which the initial grid of points after being superposed on AT5QQ
and transformation of the coordinates of points acquires a new form (Fig.
le). The operation of transformation of the coordinates of points makes pos-—
sible an indirect allowance for the probable movement of the pressure forma-
tions acting at the level, but their possible evolution is not taken into ac—
count. The influence of this shortcoming can be somewhat lessened by adding
to the pressure read from the surface chart by means of transformation of

the grid of points the value of its tendency, performing this addition al-
gebraically.

Testing of the proposed scheme for increasing the advance time of level fore-
casts at the bar of the Kolyma River gave fairly good results and at the
present time this scheme is being used successfully in routine practical
work in the eastern regions of the Arctic.
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Upc 556.013

LAW OF DISTRIBUTION OF SUM OF RANDOM VALUES WITH TYPE-IIT PEARSON
PROBABILITY DENSITIES IN HYDROLOGY

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 104-107

[Article by Candidate of Technical Sciences I. V. Busalayev, Kazakh Sci-
entific Research Institute of Power, submitted for publication 12 February
1979]

. Abstract: The author has derived a general, com-

" pletely rigorous formula for the composition of

- /~distributed hydrological random values suit-
able for any number of components, This formula
can be ‘used in deriving different approximate or
asymptotic expressions convenient for hydrological
computations., On its basis (with specific values
of the parameters) it is easy to determine the
approximation error. The formula is useful for hy-
drological and water management applications,

[Text] Despite a half-century of experience of use of the type-I11I Pearson
distribution in hydrology, some of its important properties have still not
been clarified. In particular, a formula for the composition of distribu-
tions of this type in a general case remains unknown. [For the first time
the type-1II Pearson curve was used in hydrology by Foster in 1924 and

_ later in the 1930's by D. L. Sokolovskiy, S. N. Kritskiy and M. F. Menkel'.]

In our article [3] an attempt was made to answer this question. We derived
an approximate formula, convenient for use and generalization, but not en-
tirely rigorous and precise.

In this brief communication, which can be regarded as a continuation of the
mentioned article, we derive and demonstrate a composition formula entirely
correctly and examine some corollaries from it useful for hydrological com-
putations. .
Assume that the random values Xi, distributed in conformity to the law

& (%) = Ce"*ﬁxff'ﬂ
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are independent and in addition,

NEu< . . K< (i=], 2. n),

it being required that the distribut}on of their sum be determined
y= ZX,‘.
i=\
For the mentioned densities we find their Laplace transform

a
Llgi(x); p) = (‘-,%ﬂ) ,

which, with some assumptions (positiveness of xj and monotony of L) unambig-
uously determines the distribution [7].

By virtue of the multiplicity property, the Laplace transform of the sum of
the independent random values is equal to the product of the corresponding
transforms of the terms [6]

L{P O p]=(p—1‘7l)a" _ '(F%,T)a;'- , o

The probability density function of the indicated sum of random values can
now be determined using an inverse transform of expression (1). In order to
accomplish this we will rewrite formula (1) in the following equivalent
form:

. af v\ g1 \®
Li{P Gy pi:n‘(P""(ﬂ'—(Tn—Tl)) .72? (P""'{n"(’.’n_‘h)) o (2)

, 1 \8n

. 'Ta" —_—
0+ —(tn—1n)

Then, using the known pair of Laplace transforms [1, 5]

-1 .
A N T T TS VY A ,x,,q?_r_(_u(n__
T e S T ) ~t
2 ( P) '

where & 2 is a degenerate hypergeometric function of n variables [2, 4].

We will multiply the original by e~ Ant, in connection with which in the -
transform we will have p + A instead of p. After some simple transforma-
tions, also taking into account that in our case }31 +...+(3n = Y, we will
have

—At -1 .
e g L PN (- N LY .An‘)f

- , : (3)
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~‘_‘)(I,+}")'l ( i \.'1| o ( . ] )ﬂn.

TS A Wy v v e (3)

Comparing the derived expression (3) with formula (2), using the inverse
transform we find the density distribution function for the sum of gamma-
distributed independent random values in the most general form:
a‘, an
e

R Al P
POY=rGr T Fape "

at. .. +a -1,
y LTS (4)

X®lay, . . ., ag ay+. . . tag Ge=1) ¥ - - - (tn—1a) 3]

We will show that the necessary normalization conditions are alsc satisfied:

¢ . @ a4
. v DRI 4 1Y Ot . -Ta,~1 .
dy=_ V" N Yy o lae o oy an @y
“ ‘5 P(y) dy M (a4 - - +“n)§ .
i - | |
i . ) Y - oy (=) ¥l dy =
H TlaI ot 1:n r (al+ DI +‘au)
T e+ ... +an) ﬁﬁn.ﬂnﬁ
% , "o =
(1__72_7') ~-“—"’—“—") 1.
T \. n

Thus, formula (4) in actuality represents the sought-for density of'the sum
of Y -distributed random values.

Now we will examine some special cases:

a) With Y1 = Y2 =...=7, =7 all the variables in the hypergeometric func-
tion become equal to zero and §§2 = 1 and we obtain the known result

4., .4a, . .
P(y) = <_~; ! 'l_c—-,yyali-...-e-a"—l
. Flay+ .. T 4a,)

b) Assume that n = 2; then, since ()/2 -Hré)y = 0, in the numerator the para-

meter aj disappears and from the general formula we have

a, _a,
T To°

—_ =Ty ﬂ,+a:‘—l
I a) + ap) ¢ y

P‘(Y) - WFila. a) +ay (Y:-'h).vl‘-. (5)

where 1Fy is a degenerate hypergeometric Kummer function.

The mentioned distribution of the sum y = xi + X9 can be obtained in direct
computations [3]. .

For chis same reason, with n = 3, we obtain the probability density function,
expressed through a hypergeometric function of two variables
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1”[ 7(1,_. TI':|
(v RSP N Ty upcbagtag-t
o U (ay + a, + ‘“’)“u Tyt E x
Aolay, 6y, a+a+as (y—vi)Y, (va—va)y).
c) Proceeding from the general formula, it is also possible to obtain some

_other equivalent expressions for density. For example, substituting into
the exponent Y, :, or the sum of all ¥i, we will have

= (p LA ] ;
PO = o fa) © y 2 [y ay )

a+. .. ray (; TI_TI))'- CEEI -(Z "u'i“'fu) y]‘

i
This expression is convenient in that with sutticiently large n (n-» ©0) it
can be expressed through one variable.

1In actuality, if it is assumed that

lim Y =0, i=1,.
n-o .“

i

(any of Yi at the limit is quite small in comparison with the entire sum), '
then, using a formula from [4, 8]

Pla, . - o @@+ ... HBe X, ., x|=®;[a+. . - +a,
ay+ . . . +ay x},

we obtain
¢,[a,', oL a 4+ .. tay (ZTi"'Tl))’v cee .(Z Ti—Tn)y]=
' i i
(Z Tt‘"'{mu) y

- ¢,[a.+-.-. . +a,, al+". .. +a,,(z 7,—1,) ,\'j=e ) S

i

llence, substituting the exponent

. (‘Z Vi~ Ymnx) y

into formula (6), we find that at the limit with n—¢O there is satisfaction

of the equation ta. 1
P(y)=Ce 7maxyy ot ta =1

The general formulas (4) and (6) can be easily generalized for describing
the linear form of the random values conforming to a gamma-distribution

v=bux = L Ehx,, ;>0 : 7y
In accordance with the similarity rule the Laplace transform of the probabil-
ity density function of the i-th term from (7) is equal to the expression
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) | 7 \ i (b 1 >u,,
L{gNhan}:E{ pib; + 1, ) = b P+ b
N i
Since the probability density function of a linear form (7) (in the case of
a nondependence of the random values, which is assumed) corresponds to the
product of the Laplace transforms, we will have, after small transforma-
tions :

o (B L (b 1R 1 )“'
L{p i p) s 1T n In .
P nip bi. . . by (P+Tn—(7n'“11bl)

(ro=t=er),
AP~ m—n—"a "n))\\\ ’

llence, similar to the preceding, we obtain

- (b 'h)al - .- (bn’h)a” ‘_."‘ny apt. .- ta—1 x
S P AN Y (,8)
. X®fa, . oo G @t Ay (a—b) ¥ o (= Taba) Y],

where C is a normalization féctor.

\
A conclusion of practical importance for hydrological applications follows
from this formula: if the coefficients bji are assumed to be equal to Yn/ ¥i,
we obtain (since in this case in formula (8) @9 = 1) the Y -distribution.

The established fact affords the possibility for programmed modeling of Y-
distributed hydrological series with the stipulated parameters Y and a on
an electronic computer. In this respect it is particularly convenient to
use a formula of the type (6) with an exponent expressed through

n

Z %

i=1
It is sufficient to multiply the initial series by the coefficients
. .
21 Yj_/)/is
i

in order to construct from them a Pearson series with stipulated character-
istics. C

Thus, we confirmed that the derived formulas (4), (6), (8) are extremely
useful for both theoretical examinations and for practical computations.

On their basis it is possible to construct different types of approximate
or asymptotic expressions and also investigate the limiting properties of
density when n-> 0 . In specific computations, using it one can then esti-"
mate the approximation error for a definite combination of parameters.
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UDC 551.(508.769:571)
LIDAR MFASUREMENTS OF ATMOSPHERIC HUMIDITY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8; Aug 79 pp 108-114

[Article by Doctor of Physical and Mathematical Sciences V. M. Zakharov,
S. F. Kalachinskiy, Candidate of Physical and Mathematical Sciences 0. K.
Kostke, G. A. Krikunov and I. S. Zhiguleva, Central Aerological Observ-
atory, submitted for publication 2 January 1979]

Abstract: The article gives a description of
laser ranging apparatus developed by the auth-
ors for determining humidity of the lower tro-
posphere. The authors analyze the results of
measurements  of humidity of the lower tropo-
sphere obtained during 1976-1977 at the laser
sounding station at the Central Aerological
Observatory in Dolgoprudnyy.

[Text] Introduction. The development of remote methods for determining the
humidity field in the lower troposphere is necessary for a.number of rea-
sons. As is well known, gas and aerosol contaminants, propagating from

the sources of effluent, interact with the humidity field, which to a con-
siderable degree can determine the distribution of contaminating substances
in the atmosphere and as a result, lead to the formation later of chemical
reactions of the new components. These processes are of the greatest inter-
est io the air basin of industrial centers, where regular radiosonde meas-~
urements most frequently are impossible, The results of humidity measure-
ments in the lower troposphere, obtained by remote methods, can also be.

used for the purposes of weather forecasting, since these measurement methods

can supply a great mass of statistical data. Remote measurement methods make
it possible to determine humidity on any sounding path, which is necessary
for solving some practical problems. Finally, joint measurements of the.dis-
tribution of humidity and aerosols in the atmosphere make it possible to in-
vestigate their joint influence on atmospheric transparency, and according~
ly, on the radiative transfer of heat in the atmosphere. The enumerated
problems stimulated the development of the remote laser sounding method and
the creation of apparatus for determining the humidity profile in the lower
troposphere,
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Measurement Method

As the remote method for determining atmospheric humidity we selected the
"spontancous combination scattering method" (SCS) for the scattering of laser
radiation on water vapor. In using the SCS method the backscattering signal
from scattering on water vapor is compared with a signal caused by SCS on
molecular nitrogen. In the processing of sounding data this makes it possible
to exclude some instrument coefficients, and with simultaneous reception

at two SCS wavelengths, exclude instability of laser radiation. The distribution
of the water vapor concentration }9H20 with altitude H is determined by the
following expression from [4]:

 (H') dH"

vy (H')dH’ }

H
Nerp. 1 (H) cip. o KKz exn!—
[CKP = SCS] ckp, 1 (H) excip, 2 KiaKaha | § "
H

PH,0 (1 = pNﬂ (H) ‘
Nekp, 2 (H) o5 cxp, 1 Ku Ky exp I~
{
where Ngcg(H) is the backscattering signal caused by §CS, Kj is the transmis-
sion coefficient for the optical receiving system and the interference filter,
Ko is the transmission coefficient for the selecting filter, ¥]is the quantum
efficiency of the photomultiplier, £ is the attenuation index, O “g¢g is the
SCS backscattering cross section, /DNZ is the concentration of molecular nitro-
gen, the subscripts 1 and 2 denote the wavelengths of SCS on water vapor and
molecular nitrogen respectively. Since sounding in most cases was carried out
with high values of the meteorological range of visibility, then it was as-

sumed that
H
dany | - (q:exp ‘-—‘25 e () dH').
) !

q391,5

The maximum error in the estimates due to this assumption on the entire sound-
ing path does not exceed 5% (see end of article).

Thus, expression (1) can be written in the form

(2)

N, H) o Kz Kos
Prago (D) - by, (HD) ckp, 1 (F) ZCKP. 2 12 Ka: M
: Nek, 2 (H) oz cip, 1 KnKam

Formula (2) includes the ratio of the SCS cross sections for H20 and Np. An
analysis of data in the literature [4] indicated that as the SC3S cross sec-
tions it is possible to use the mean values CEPSCS'Z = 3,05-10730 cm?/sr,
Cﬁpscs 1= 7.62-10-30 cn2/sr. The quantum efficiency of the photomultiplier
for wavelengths 377.7 (N9) nm and 397.5 nm-(H20) nm was assumed to be iden-
tical My = N2; the remaining coefficients entering into expression (2) were
determined experimentally.

In the processing of the experimental lidar and radiosonde data we also used
the known formulas from [8]
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M .
PH,0 (2/4%) = = 108 H=3)=
3 A PH20 ( )

’ —17
3)
_ 2167 (
P 19 = 28T,
7,6326 ¢

E (u6) = 6,107.10%19+,

L3y = .10t 2
p (cu—3) =7,35-10 T

where M is molecular weight, A is the Avogadro number, T is temperature in
°K, t is temperature in °C, E is the elasticity of saturating vapor, e is
the partial pressure of water vapor in mb, p is pressure in mb.

Instrumentation
In the measurements we used a lidar with the following principal parameters:

Laser emission power at a wavelength 347.2 nm 0

Diameter of receiving antenna ; 0.

Angle of field of view of receiving system 28 min

Transmission coefficient of optical system 0

Transmission coefficients of filters:
interference at 397.5 nm ’ 0
interference at 377.7 nm . 0.
selecting at 397.5 nm 0
selecting at 377.7 nm 0

Coefficient of suppression of signal at 347.2 nm by 377 7 and
397.5 nm not less than 10°.

Using a system for the electronic processing of laser information it is pos—
sible to:

-- measure the SCS of laser radiation by atmospheric components at different
altitudes;

~- measure the total energy of laser radiation during a stipulated operating
timej - ' . '
—-- count the number of laser pulses.

The structural diagram of the electronic processing system is shown in Fig.
1. Measurement of laser radiation energy is accomplished using the FEK-22
(3), an energy recorder (9) and an "accumulating counting rule" (15). The
FEK-09 (2) performs the function of a source of starting current pulses
controliing operation of the entire system.
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Fig. 1. Structural diagram of system for the electronic processing of laser
information. 1) FEU-71; 2) FEK-09; 3) FEK-2; 4) low-noise emitter follower;
5) preamplifier; 6) divider; 7) multiphase generator of strobe pulses; 8)
stand-by generator of nanosecond pulses; 9) recorder of energy of sounding
pulse; 10) limiter; 11) differentiating circuit; 12) emitter follower; 13)
dual trace, four-input storage oscillograph; 14) counter of number of sound-
ing pulses; 15) "accumulating counting rule'; 16) wide-band measuring am-
plifier; 17) threshold device; 18) stand-by generator of nanosecond pulses,
19) divider; 20) pulse time analyzer, 21) recorder.
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Fig. 2. Integral counting curve for FEU-71. 1) input noise of electronic
channel; 2) FEU dark noise; 3) signal + noise with threshold levels of il-
lumination of photocathode.

‘The frequency characteristic of the FEU-71 output in a dynamic regime falls
in the range 0-250 MHz. The low-noise emitter follower (4) is intended for
matching the FEU output with the input resistance of the preamplifier, hav-
ing a transmission band 400 MHz and an input noise temperature 450°K. The
signals are fed through the divider (6) and the emitter follower (12) to a
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storage oscillograph (13), functioning in a stand-by regime. The signals
are also fed from a divider (6) to a limiter (10), then to a differentiat-
ing circuit (11), where the pulsed signals are shaped in duration and am—
plitude and in such a form are fed to the input of a wide-band measuring
amplifier (16), where they are amplified to the amplitude necessary for
the threshold device (17), which is intended for the cutoff of diode noise
of the photomultiplier and the radionoise penetrating to the input of the
electronic channel.

The stand-by generator of nanosecond pulses (18) is triggered by pulses
passing through the threshold device (17) and sends to the output standard
pulses with a duration of 5 nsec, which with respect to time of receipt cor-
"respond to the photoelectronic pulses of the FEU-71. These pulsed signals
are fed through the divider (19) to the oscillograph (13), where they can

be compared in timeé with the pulses from the emitter follower (12) and also
to the input of the pulse time analyzer (20). The pulse time analyzer (20)
is controlled by a multiphase generator of strobe pulses (7) and distributes
the pulsed signals arriving at its input by chanmels.

The width of each channel corresponds to the thickness of the analyzed layer
of the atmosphere and is 150 m. The total number of chamnels in the analyzer
is 16. The state of the analyzer channels is monitored by the oscillograph
(13) and the information accumulated in the channels is registered on punch
tape using a recorder (21). The information loss in the pulse analyzer (20)
is not more than 2%. The main loss of information occurs in the threshold
device (17) and is dependent on the transfer coefficient of the amplifica-
tion channel to the threshold device, The wide-band measuring amplifier (16)
has a fixed level of the transfer coefficient which can vary in the limits
70 db with an accuracy to +0,5 db. The presence of such an amplifier in the
system makes it possible to determine the integral counting curve of the
photomultiplier and select a working point on the plateau of this character-
istic curve. ' .

Figure 2 shows the integral counting characteristic curve used in the FEU-71
system. ’

The curve 1 determines the dependence of the intensity of noise and radio
interference of the input of the amplification channel at the output of the
threshold device (17) on the amplification factor of the measuring amplifier
(16), with current fed to the photomultiplier, curve 2 —- dark current of
the FEU-71, curves 3 and 4 -~ intensity of the signals and the dark current
with threshold values of photocathode illumination. The threshold value of
illumination was attained using neutral filters. As the light source use

was made of an AL103V photodiode, placed in the plane of the telescope
aperture opening. The strength of the photodiode working current was 2 ma.
The plateau of the integral counting characteristic curve for the photo-
multiplier is found with values of the amplification factor 58-70 db. The
error in measurements on the plateau of the integral counting characteristic
curve with instability of the total transfer coefficient 10% is 6%. The
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actual instability of the transfer cocfficient for the amplification chan-
nel in the used system is not more than 7%.

Experimental Results

A determination of humidity by lidar was made beginning in 1974 at Dolgo-
prudnyy. The results of laser sounding were compared with radioscnde data.
The registry and processing of data are automated and the results are fed
out by an electronic computer in the form of tables of the profile of abso-
lute atmospheric humidity measured by the lidar, radiosonde data and the
elasticity of saturating vapor E, With simultaneous registry of the aerosol
scattering signal at a wavelength 347.2 nm or 694.3 nm we compute the cor-
relation coefficient R and the error in the correlation coefficient OFR
using the formulas

n
X {so (1) = (N [Ny () =Ty (0] ()
R - i=1 3 i
: V:-PHEO aA.V:‘
_ =R, * %z (H)
where e T —ei Nai(H)= ;
R n A e (Hmnx)

n =50+ 60;

n is the number of records of the profiles of aerosol scattering Oy and SCS
(H20), O'/gHZ() and © ZNX are the dispersions for PHp0 and NX.

Among the total number of laser sounding sessions we selected and analyzed

96 sessions carried out under conditions of high atmospheric transparency. In
this case the errors caused by different atmospheric transparency at the SCS
wavelengths were minimum.

In 46 sounding sessions simultaneously at wavelengths 694.3 nm (16 sessions)
and 347.2 nm (30 sessions) we registered the backscattering signal and using
formula (4) we computed the R and O values. In 38 cases there was a cor-
relation (R20.5), of which for 31 sounding sessions the correlation was
close (R> 0.7). There is no substantial difference between sounding at

694.3 nm and 347.2 nm, which once again is evidence of absence of para-
sitic optical interference, which could lead to the observed structure of
atmospheric humidity.

For comparison of the results of lidar sounding and radiosonde data, for each
of the sessions we computed the mean square differences

Sio=1/ o X tr,, () —,, (2
i=1

in the entire range of altitudes and computed the differential curves of the
statistical distribution of differences :
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where /OHzO, 1id and /L)H:Z(), rad are the absolute humidities according to
lidar and radiosonde measurements. .
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Fig. 3. Resulits of lidar and radiosonde measurements of humidity and aero-
sol scattering at wavelength 347.2 nm. 14 December 1977, Tolgoprudnyy.

~

In 96 sounding sessions: in 13 sessions -- AP H,0, 1id§ 0.5 g/m3, in 46
sessions —- 0.5 g/m3g FH20 1.0 g/m3 and in 37 sessions —- APH20 ™ 1.0 g/m3.
Most frequently high A')'OHZ() values are characteristic for high values of
measured atmospheric humidity. For the purpose of determining the vertical
scatter of lidar and radiosonde data we constructed differential curves of
the statistical distribution APHZ(J(H) in the altitude ragge up to 2 km with
an interval 150 m. At low altitudes about 75% of the 4P,y values fall in
the limits of errors in lidar measurements. With an increase in altitude
the scatter of lidar and radiosonde data increases. However, for all-alti-
tudes the lidar and radiosonde data on humidity measurement coincide within
the limits of the total errors in the results obtained by different methods.

As an example of joint measurements, Fig. 3 shows three humidity and aero-
sol backscattering profiles obtained after two hours. Figure 3 illustrates
] the correlation of profiles. and characterizes typical radiosonde and lidar
_F measurement profiles.

B
i

Among the 96 analyzed sounding sessions 38 were carried out at a negative
temperature at the earth's surface (tpin = ~16.8°C), 58 -~ at a positive
temperature (tmax = 30.8°C). The atmospheric temperature for all sounding
sessions varied in a wide range; in many cases, according to radiosonde
data, the temperature changed sign with altitude. High correlation coef-
ficients are characteristic for both positive and negative temperatures.

The laser sounding sessions carried out show that with any atmospheric tem-
perature the humidity profile, determined by the lidar, as a rule has ex-
trema. The humidity profile obtained using radiosonde data in most cases

145
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY

'
)

is monotonic, which is ottributable to Inertia of the radiosond ! sensor, not
capable of registering sharp gradients of water vapor concentration. It is
characteristic that the profiles of atmospheric humidity measured with a
lidar with an interval 1-2 hours do vary but the peculiarities of the ver-
tical distribution of the concentration of water vapor remain as before,

It should be noted that in lidar experiments there is measurement of abso-
lute humidity in the atmosphere. The generally accepted point of view is

that there is a correlation between relative humidity and aerosols in the
atmosphere [3]. Computations of the relative humidity profile on the basis

of data from lidar measurements /3320 and radiosonde measurements of tempera-
ture indicated that there is a good correlation between the relative humid-
ity profile and the P30 profile.

Measurement Errors

In writing expression (2) we assumed that the ratio of the exponential terms
in (1) is equal to unity. The computations made by the authors for different
meteorological ranges of visibility in the surface layer of the atmosphere

in specific aerosol models indicated that under conditions of high atmospher-
ic transparency (meteorological range of visibility not less than 20 km)

the error due to the different transparency does not exceed 5%. For lesser
altitudes the error varies in the range 2-4%, which agrees with similar
estimates by the authors in [1], using somewhat differing aerosol models.

In passing, we note that the computations which we made indicate that there
is no justification for using a laser with a radiation wavelength of 266 nm
for a rigorous quantitative determination of the contaminants (also includ-
ing for water vapor determination) by the SCS method. In the spectral region
260-300 nm there is much absorption of radiation by such components as 03,
NOZ’ H20, SO, HNO3. The concentration of these components can vary in a
wide range. Computations indicate that only as a result of different ab-
sorption by ozone within the limits of the first kilometer the error due

to different transparency can be up to 20%. An increase in total absorption
on the path due to other components considerably increases the errors in
determining concentrations by the SCS method.

The second sources of errors is governed by the errors in determining the
coefficient

[CKP = SCS] K = KygKy 175 00 SCS, 2/Kq1Kp1 71 00 sCs,1

The minimum error in determining the o0 S values for strong lines is not
more than 10%. The minimum accuracy in determining the

K12K22 77 2/K11K21 1
ratio during laboratory calibration does not exceed 20%. The maximum system-

atic error, determined by the accuracy in K, is 25%. This error is constant
with altitude and introduces a shift in the atmospheric humidity profile.
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In humidity measurements by the SCS method in a signal caused by SCS on
water vapor there will be partial presence of a signal caused by SCS on

the liquid phase of li0. For the exciting line 347.2 nm the center of the
line for the liquid phase is situated at 394.6 nm, the spectral half-width
of the line is equal to 64° [7], and the SCS cross section for the liquid
phase exceeds by a factor of 7 the cross section for the vapor phase [6].
An analysis of the spectral contour of the filter and the SCS line (394.6
nm) indicated that for the used filters during sounding of the transparent
atmosphere the contribution of the signal from the liquid phase did not ex-
ceed 1% in the SCS signal from H20 vapor.

Finally, the random errors in measuring humidity are determined by the errors
in measuring signals caused by SCS. Using the criteria for selecting the dis-
tribution [2], it was demonstrated that with the used instrument parameters
the distribution of the photoreadings conforms to Poisson statistics. Using
the standard formulas of the theory of errors, in each sounding session we
computed the dispersion of photoelectrons.

Taking into account the comments made above, we determined the total errors
Affnzo//‘:’uzo. With minimum values for humidity and the meteorological range

of visibility, equal to 20 km, the values-Apﬂzo//juzo for 1 km are 127,

for 2 km -~ 18%, for 3 km =~ 33%. This same erfor decreases with an increase

in atmospheric humidity, and, for example, for a humidity of 3 g/m for 3

km is 247%. Naturally, the cited values characterize the mean errors, which
vary in each experiment in dependence on atmospheric conditions and the

number of sounding pulses.

At positive temperatures the mean square error in determining relative humid-
ity of the lower troposphere by radiosondes is approximately 4-57% [5]. The
estimnates which were made indicate that relative humidity can be computed

with approximately the same error making lidar measurements of 10H20 and
radiosonde temperature measurements.
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UDC 556.08

METHOD AND APPARATUS FOR MEASURING WATER VELOCLTY OR DISCHARGE IN OPEN
SHALLOW-DEPTH FLOWS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 114-116 o

[Article by M. I. Biritskiy, Central Scientific Research Institute of Com—
plex Use of Water Resources, submitted for publication 4 December 1978]

Abstract: The article describes apparatus in-
troducing changes into measurements by micro-
current meters by the "five-point" method .when
determining velocity or discharge in open flows
with a depth up to 3 m and reducing the amount
of time spent on measurements., It consists of
five measurement converters, rods and a pulse-
counting unit. The measurement converters are
rigidly attached on the racks of a rod which
mesh with a multioutput reducer. The pulse-
counting unit consists of five amplifiers, fre-
quency dividers (division by 2), MES-54 counters,
and also a timer, a synchronizer for switching
the counters and timer on and off.

[Text] Hydrometric current meters and microcurrent meters have come into
wide use for measuring averaged velocities in open flows. The mean velocity:
on the vertical in the cross section of a water flow is determined at one,
two, three or five points. The error in the method when making measurements
with a hydrometric current meter for determining averaged velocity on the
vertical at one point is not lower than %57, at two and three points —-
+(2-4%), and in the case of five points ~- +2% [5], The last of the employ-
ed methods is the most precise, but requires the most time. At the Central
Scientific Research Institute of Complex Use of Water Resources USSR Water
Management Ministry specialists have developed apparatus [1, 2] introducing
changes into measurements by the five-point method and reducing time expend-
itures on measurements.

It consists of measurement converters, rods and a pulse-counting unit.
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Fig. 1. Measurement converter.
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Fig. 3. Pulse~counting unit,

Design of measurement converter and principle of its operation. The primary
measurement converter is a two~blade screw 1, fabricated from plastic, with
a console suspension, consisting of the axis 2 and the limiter 3, radial
bearings (ruby watch jewels) 4, and an agate thrust bearing 5. The axis 2
is attached in a pipe 6, which is inserted into the holder 7 and held tight
by the nut 8 (Fig. 1). The holder 7 is attached to an electrode 9, within
which there is an insulated electrode 10. Coaxially placed electrodes 9, 10
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and a blade with a projection form an intermediate measuring converter. The
clectrodes have a cleaned end and are connected to the rear edge of the
scerew blade with projection for a distance less than 1 mm. The electrode

9 is connected to the positive terminal of the current source and the elec-
trode is connected to the negative terminal. The screw blade is designed
with a geometric pitch 46 mm [4, 3]. One rear edge of the blade is design-
ed with a projection situated opposite the electrodes 9, 10; the other is
designed with two projections situated symmetrically relative to the elec-
trodes, which is ensured by balancing of the screw.

This design of the measuring converter made it possible to broaden the range
of measured velocities and substantially lessen polarization phenomena.

With movement of the liquid the screw blade rotates and a diffusion layer,
whose thickness is less than one millimeter, is formed at the ends of the
electrodes. When the rear edge of the screw with the projection is oppo-

site the electrodes, the resistivity in the circuit of the electrodes changes
and current pulses are shaped. With the passage of the blade with two projec-
tions about the electrodes a current pulse is not shaped. The number of rev-
olutions of the screw blade during a definite time is a measure of velocity.

The rod (Fig. 2) consists of a fixed shaft 1, four moving shafts 2-5, left
and right "jaws" of the fairings 6-7, gathering the shafts into a packet,
on which are plotted centimeter graduations, washers 8, stem 9, multioutput
reducer 10, knob 11, level indicating hand 12 [1]. The measuring converters
are rigidly attached on the shafts. There are special grooves in the shafts
which hold the wires running from the measuring converters to the pulse—
counting unit. The placement of the wires in the grooves precludes their
damage during movement of the shafts. The fairing "jaws" 6-7 are longer
than the fixed shaft 1, to which, at the bottom, is attached the washer 8
and the stem 9. The lower measuring converter is attached between the fair-
ing jaws; this makes it possible to set its axis at a distance from 2 to 20
cm from the bottom of the channel (depending on the type of bottom material).
The upper measuring converter is mounted in such a way that its axis is at
a distance of 2 cm from the surface of the flow, All the shafts in their
upper part have plugs for joining the cable from the pulse-counting unit.
The rod is fabricated from alloys of aluminum and stainless steel.

Pulse-counting unit (Fig. 3). This unit is intended for amplification of
the pulses arriving from the measuring converters and their registry. It
consists of five amplifiers, mounted in a common housing, five frequency
dividers (division by 2), five MES-54 counters, timer, synchronizer for
switching the counters and timer on and off, current source -- 373 ele-
ments and a lever for the total feedout of counter readings.

The measurement is made in the following sequence.
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The rod is connected by a cable to the pulse-counting unit and the "Current"
switch is turned on. At the vertical to be measured the rod is inserted

into the flow; then, turning the knob, the level indicator hand is moved
until its needle comes into contact with the surface of the flow, At the
same time the measuring converters are set, respectively, at the depths:

"at the surface"; "0.2H"; "0.6H"; "0.8H" and one is set "at the hottom."
Then pressure is applied to the synchronizer lever, starting up the counters
and the timer, then after a selected time interval pressure is again applied
to the synchronizer lever, switching the counters and timer off. The read-
ings of the counters and timer are registered. With a third pressing on

the synchronizer lever the readings of the timer are returned to zero, and
with pressing on the general release lever there is simultaneous return of
the readings of the five counters to zero. Then one moves on to the next
measuring vertical.

Technical Specifications -
Range of measured velocities, m/sec 0.03-3.0
Diameter of screw blades, mm 30
Geometric pitch of screw, mm 46
Number of measuring converters 5
Measured depths, mm 3000
Number of pulses during 2 revolutions of screw 1
Current source, V 15-18
Required current, mA 4-6
Measurements of pulse-counting unit, mm 400 x 200 x 120
Mass of pulse-counting unit, kg 6
Mass of rod with measuring converters, kg 7

The effectiveness of the method and apparatus is confirmed by the marked re-
duction of time expenditures on measurements. For example, when working from .
a small boat with a width of 27 m with eight measuring verticals the time
cxpenditures are 25 minutes, including the time necessary for attachment

of the cable. Two or three measurements are made at each measuring vertical.

The instrument can be used in scientific investigations, measurements of
water discharge in a melioration network, and also for calibration of water-
gaging hydraulic structures.
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UDC 551.(510.4:588)
DISCUSSION OF THE CARBON DIOXIDE PROBLEM
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 117-120

[Article by Candidate of Physical and Mathematical Sciences K. Ya. Vinnikov,
State Hydrological Institute, submitted for publication 11 December 1978]

Abstract: The article examines the results of
a bilateral Soviet-American symposium on the
carbon dioxide problem held in October. 1978
at Dushanbe. The content of the reports is
discussed.

[Text] During recent years the scientists of many countries have been very
carefully watching the results of investigations of the cycling of carbon

in pature. The reason for this interest lies in the experimentally discover-
ed appreciable increase in the content of carbon dioxide in the atmosphere
and theoretical conclusions indicating that this growth is related to the
development of fuel energy. At the same time, fears have been expressed

that some biotic reservoirs of carbon are subject to intensive anthropo-
genic -influence, which leads to an additional disruption of the cycling

of carbon and a further acceleration of increase in' the atmospheric con-
tent of CO2p, ‘ '

On the other hand, one of the results of the modern physicadl theory of cli-
mate is the conclusion that an increase in the concentration of carbon di-
oxide in the atmosphere will be accompanied by a process of global warming
and a substantial change in local climatic conditions over the greater part
of the earth. This process can exert a substantial influence also on man's
economic activity. )

Precisely for this reason-a major event in the scientific life of our coun-
try was a meeting held in Dushanbe in October 1978, an interdisciplinary
symposium on the carbon dioxide problem, organized within the framework

of bilateral Soviet-American cooperation in the field of preservation of
the environment.

A group of well-known American scientists, headed by E. Epstein, arrived for

participation in the symposium in the Soviet Union. Epstein was recently

named director of the institute responsible for direction of the US nation-

al program on climatic research, ‘ '
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The Soviet delegation, headed by Corresponding Member USSR Academy of Sci-
ences M., I. Budyko, consisted of representatives of about 20 scientific
research institutes of the State Committee on Hydrometeorology, USSR Acad-
emy of Sciences and others.

The work of the symposium and its scientific program, including 10 reports
of American scientists and 15 reports of Soviet specialists, was prepared
by an organizing committee which was headed by the first deputy chairman
of the State Committee on Hydrometeorology Professor Yu. S. Sedumnov.

Five reports were devoted to the problem of study of the global cycling of
carbon.

Much interest was shown in a report by Corresponding Member USSR Academy of
Sciences A. B. Ronov, in which, on the basis of 'a generalization of global
geochemical data, a study was made of the problem of ‘determination of the
‘resources of organic.and inorganic carbon incorporated in sedimentary rocks.
An approximate solution of the problem became possible due to quantitative
methods, by means of which it was possible to obtain estimates of the mass-
es of carbon in the sedimentary complex, differentiated for different per-
iods of the Phanerozoic. These estimates were compared with the masses of
rocks of volcanic origin, belng a measure of the intensity of volcanic pro-
cesses replenishing the reserves of atmospheric carbon dioxide from deep
sources. On the basis of an analysis of these materials A. B. Ronov for-
mulated the geochemical principle of preservation of life on earth.

A report by V. S. Broeker dealt with the paths followed by carbon dioxide
entering the atmosphere during the combustion of fossil fuel and the an-
nihilation of forests. It was demonstrated that the atmospheric content of
€02 during the period 1958-1974 increased from 48 to 56% of the total quan-—
tity of entering gas. According to model estimates, during this same time
the ocean absorbed 37t4% of the CO2 entering the atmos here. On. the basis
~of an investigation of the ratio for the isotopes 3¢/12¢ in tree rings, the
author concluded that the biomass ¢f the land during the last two decades
has not experienced appreciable changes.

A report by R, S. Loomis examined the influence exerted on the present-day
balance of organic carbon by biotic components, including the cutting of
forests and a decrease in the quantity of humus in the worked soils. The
speaker noted the great difficulty in a quantitative evaluation of the men-
tioned factors and expressed the opinion that these factors play a lesser
role in the carbon balance than followed from some estimates made earlier.

E. K. Byutner and N. Z. Ariyel', in their report, discussed the results of
computations of the flux of carbon dioxide through the ocean surface. The
speakers established that a petroleum film poured on the surface decreases
exchange fluxes by a factct of 2-3 and can constitute a danger for the vital

functioning of organisms in the upper layers of ocean waters.
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The speaker noted the particular importance of the possibility of determin-
ing the influence of carbon dioxide on climate on the basis of paleoclimatic
data for epochs when the carbon dioxide concentration was considerably great-
er than today. For example, in particular, in the Neogene (Miocen2-Pliocenc)
the quantity of atmospheric carbon dioxide was approximately twice as great
as in our times. In this connection, using data on climatic conditions of

the Neogene, it is possible to construct maps characterizing the meteorolog-
ical regime when there is a high content of carbon dioxide. The report pre-
sented maps of air temperature, precipitation and other climatic elements ob-
tained in this way for conditions of a doubled CO2 concentration.

A report by W. L. Gates examined models in the theory of climate used in the
United States for evaluating climatic’conditions corresponding to an in-
creased COp content in the atmosphere. Gates pointed out that at the present
time there are no contradictions between the results obtained using both a
model of general circulation of the atmosphere and energy balance models
(with parameterized dynamics). The speaker noted that in the near future new
computations will be completed in the United States which will be carried
out using models of general circulation.

In a discussion of the Gates repcrt S. B. Fels, a specialist in the Princeton
Laboratory of Geophysical Hydrodynamics, reported that S. Manabe is complet-
ing an analysis of computations of the influence of an increase in the CO)
concentration on climate. ‘The model of the theory of climate used by Manabe
contains an allowance for the annual variation of meteorological elements
and predicted cloud cover; the computation region reaches to the poles (in
contrast to the preceding model, where it was limited to 80° latitude). Fels
noted that the estimates of climate sensitivity obtained earlier by Manabe
in his new investigation are being refined insignificantly and the inclusion
of a feedback mechanism with cloud cover exerts little influence on the re-
sults.

The report by Fels discussed the algorithm which he formulated for computing
radiation changes in temperature caused by the CO absorption band 15pMm
and some results of use of this algorithm in numerical experiments with a
aseneral circulation model.

Using a 40-level model of general circulation of the atmosphere to an alti-
tude 6f 80 km, Fels computed the changes in mean annual distributions of
temperature and components of circulation in the stratosphere and mesosphere
with a doubling of the present-day atmospheric CO2 content. These changes
differ little from those obtained earlier by Manabe and Wetherald with the
use of a one-dimensional model of radiation-convectional adaptation and a
three-dimensional model of general circulation of the atmosphere to the
level 36 km. It was shown, in particular, that there is a great horizontal
uniformity of changes in the stratosphere and the dynamic contribution to

change in temperature is small in comparison with the contribution from radi-
ation,
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The report of Yu. M, Svirazhev and A. M. Tarko was devoted to an analysis
of the role of the "atmosphere-plant-soil and ocean” system in the absorption
of anthropogenic discharge of CO, into the atmosphere.

Using the systems analysis method for study of this problem, the speakers
concluded that there will inevitably be an increase in the €Oy concentra-
tion in the near future, which will lead to a substantial change in the
global climate.

The problem of monitoring the CO2 concentration was dealt with in four re-
ports, including the report of L. Machta, in which the authors cite consid-
erations on the importance of the €Oy problem, give plans for expanding the
global network of stations on the basis of C02 measurements in the atmo-
sphere, and present estimates of the contribution of different countries

to discharge of C02 into the atmosphere.

A report by V., B. Alekseyev and V. A. Dergachev dealt with the organization
in the USSR of a network for registering the l4C concentration in atmospher-
ic carbon dioxide at different latitudes and altitudes and discussed the
first results cf these measurements. The problem of radiocarbon exchange

was also considered.

A reporf‘by A. M. Brounshteyn dealt with the principles for determining the

- total CO) content in“a vertical column of the atmosphere and presented data

from measurements carried out in 1974-1976 near Leningrad.

Some methodological problems in applying this method were discussed in a re-
port by V. N. Aref'yev,

The most important task of the symposium was a discussion of the influence
of change in the concentration of CO2 in the atmosphere on climate.

tight reports were devoted to this question.

A report by Corresponding Member USSR Academy of Sciences M. I. Budyko, en—
titled "Carbon Dioxide and Climate," stated that in the absence of a precise
theory of climate the only way to obtain reliable estimates of the influence
of carbon dioxide on climatic conditions is the use for this purpose of sev-
eral independent computation methods, the results of which can be considered
reliable if chey agree satisfactorily. The report also cited data on the
sensitivity of the thermal regime of the atmosphere to changes in the in-
flux of solar energy and the carbon dioxide concentration. These data were
obtained both from different models in the theory of climate and as a result
of an analysis of empirical data on the annual variation of meteorological
elements, on the present-day change in climate and on climatic changes in
the geological past. The agreement of sensitivity estimates obtained by in-
dependent methods indicated their adequate accuracy. :
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A report by G. L. Potter gave the preliminary results of computations of
changes in the radiation and dynamic characteristics of the troposphere
and stratosphere with an increase in the content of carbon dioxide by 50,
100 and 300% using a two-dimensional zonally averaged model of atmospheric
circulation with mean annual characteristics. It is shown that appreciable
changes in temperature distribution are proportional to the COp increment
and the changes in the radiation characteristics (albedo), precipitation
and energy balance components are small, which contradicts existing esti-
mates and is probably attributable to the shortcomings of the model used.

The report by R. D. Sess contained an estimate of response of the thermal
regime of the atmosphere to changes in the heat influx and concentration

of carbon dioxide obtained on the basis of processing of data from satel-
lite observations of radiation fluxes. The results agree well with the con-
clusions drawn from similar computations carried out by other independent
methods both in the United States and in our country.

It is worth noting the confirmation of the conclusion that the feedback
with cloud cover has an insignificant influence on estimates of response
of the global thermal regime to changes in the heat influx.

A report by I. L. Karol' presented a scheme for investigating photochemical
interactions and the vertical transport of ozone and small gas admixtures
associated with them as a result of an increase in the content of atmospheric
carbon dioxide. The use of systems analysis made it possible to investigate
the influence of different factors on change in ozone content in the strat-—
osphere and demonstrated that the change is insignificant considering the
available estimates of the dependence of the intensity of transport through
the tropopause on the vertical temperature gradient. An increase in the
transfer of gases destroying ozone in the stratosphere is compensated by an
increase in the rate of their photochemical destruction during cooling of
the stratosphere.

The report of H. Van Loon was devoted to an empirical study of the mechanisms
and structure of modern climatic changes. Van Loon noted the complex correla-
tion between the mean meridional air temperature gradients and meridional
transfer of heat by stationary and moving eddies.

We can assign to this same group a report by Corresponding Member USSR Acad-

emy of Sciences K. Ya. Kondrat'yev. He presented the results of computations

of transmission functions and other radiation characteristics in the IR re-

gion, taking into account absorption by carbon dioxide, methane, nitrous

oxide, water vapor and other gas admixtures at different levels in the atmo-
sphere. The report also discussed the '"greenhouse effect" and the speaker examin-

ed its peculiarities for different levels of atmospheric carbon dioxide con-
tent. '

Six reports of Soviet authors were devoted to the problem of the influence
of changes in the concentration of carbon dioxide and climate on the produc-—
tivity of vegetation,
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A report by G. V. Menzhulin and S. P. Savvateyev presented the resuits of
computations of changes in the productivity of agricultural crops in connec~
7 tion with the changes in climate and the COy concentration which are trans-
piring, carried out using a parameterized model of the production process.
The anthors pave a prediction of the productivity for the grain-producing,
regions of the USSR and the Unlted States.

Corresponding Member Academy of Sciences Tadzhik SSR Yu. S. Nasyrov devoted
his communication to the problems involved in the photosynthetic fixation
of carbon dioxide. He cited current data on the biochemical mechanisms of
CO02 absorption by plants of different types. The report discussed the pos-—
sibilities of developing new, highly productive varieties of such agricul-
tural crops as wheat, cotton and others.

A report by K. I. Kobak presented the results of long-term experimental in-
vestigations of the carbon dioxide regime of natural plant covers and con-
sidered the peculiarities of the €Oy regime both in natural associations of
different types and in agroecosystems.

The report of N. A, Yefimova, devoted to the influence of photosynthesis on
the cycling of carbon dioxide, contained data on productivity of the plant
cover relating to the current epoch and the Pliocene. It was demonstrated
that the biological component of the global cycling of CO2 in the Pliocene
exceeded by 507% its present-~day value.

A report by 0. D. Sirotenko and A. P. Boyko discussed. the properties of a
simulation model of the "soil-plant-atmosphere” system intended for evalu-
ation of the influence of changes in CO2 concentration on the productivity
of agrocoenoses. The speakers presented the results of computations of
changes in productivity with a doubling of the concentration of carbon
dioxide in atmospheric air.

The structure of dynamic models of the cycling of carbon in the “soil-plant-
surface layer of the atmosphere" system was discussed in a report presented
by R. A. Poduektov, He examined the problems involved in the designing of
such models and gave computed data on individual elements of an integral
model which can be. developed.

Reports by E. W, Byerly and E. Epstein,.devoted to more general problems,
wore preqentcd at the end of the symposium.

The first of these communications enumerated the different forms of influence
of the increase in carbon dioxide concentration and the related climatic
changes on different branches of economic activity, The speaker noted the
lack of any reliable estimates of the economic importance of the mentioned
influence. Pointing out that in order to prevent an increase in the concen-
tration of carbon dioxide in the atmosphere in the:future it will possibly
be necessary to limit the consumption of coal and petroleum, the speaker
mentioned the need for long-term preparations for introducing such a restric-
tion.
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The Epstein report was devoted to an exposition of the principles and ur-
zanizational bases of development of work on investigation of climatic
changes in the United States.

- After analyzing the results of the symposium's work, the following conclu-
sions can be drawn. i

The Soviet—American symposium was the first scientific conference in our
country devoted to the influence of an increase in the concentration of at-
mospheric carbon dioxide on climate and other components of the environment.
The participation of outstanding Soviet and American scientists of differ-
ent fields of specialization in this symposium made possible a broad inter-
disciplinary examination of the carbon dioxide problem, including an analy-
sis of meteorological, bioclimatic and geochemical aspects of the problem.

The principal result of work of the symposium, reflected in the final docu-
ment, was the recognition of the real possibility of a change in global
climate as a result of an increase in the concentration of carbon dioxide
in the atmosphere. This conclusion makes it very timely to study the carbon
dioxide problem and makes necessary the maximum acceleration of investiga-
tions of this problem.

In the declarative part of the final document from the symposium it is written:
"The participants”in the symposium note that on the basis of empirical and
theoretical investigations it is possible to expect an appreciable increase

in the future concentration of atmospheric carbon dioxide. Numerous data

were presented showing that this will lead to a change in global climate

and concern was expressed that this will exert an influence on different
components of the environment and man's activity, including agriculture.”

The materials presented at the symposium gave definite information on the
climate of the future under conditions of an increase in atmospheric carbon
dioxide. In the immediate future these materials will evidently be substan-—
tially. supplemented by the results of computations using models of general
circulation of the atmosphere, which now are being finalized in the United
States., After completion of these computations and comparison of their re-
sults with available materials from similar Soviet investigations, carried
out with the use of paleoclimatic data and semiempirical models of the
theory of climate, the problem of climatic conditions of the future can be
clarified to a considerable degree.

The symposium demonstrated the existence of the lead of Soviet scientists

in study of evolution of the chemical composition of the atmosphere in the
geological past, in the use of paleogeographic data for study of the climate
of the future, in the development of semiempirical models of the theory of
climate, and in study of the influence of carbon dioxide on productivity of
the plant cover.
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At the same time, it is clear that there is a lead of American research in
study of the present-day cycling of carbon and development of models of
general circulation of the atmosphere. '

The symposium was held at a high scientific level and made it possible to
obtain very valuable scientific information. It will undoubtedly exert a
considerable influence on the development of research on the carbon dioxide
problem. : '

The successful holding of this symposium, the same as the preceding Soviet-
American symposia on problems relating to anthropogenic climatic change, is
indicative of the high effectiveness of technical cooperation between the
USSR and the United States in this field, as was noted by many Soviet and
American participants in the symposium.
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REVIEW OF MONOGRAPH BY A, V. KARAUSHEV: TEORIYA I METODY RASCHETA RECHNYKH
NANOSOV (THEORY AND METHODS FOR COMPUTING RIVER SEDIMENTS) AND BOOK EDITED
BY A. V. KARAUSHEV: STOK NANOSOV, YEGO IZUCHENIYE I GEOGRAFICHESKOYE
RASPREDELENIYE (RUNOFF OF SEDIMENTS, ITS STUDY AND GEOGRAPHIC DISTRIBUTION),
"LENINGRAD, GIDROMETEOIZDAT, 1977 .

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 121-122
[Article by Candidate of Physical and Mathematical Sciences N. A. Mikhaylova]

[Text] For specialists engaged in the study of the movement of sediments
and channel processes it is of great interest to examine the monographs
indicated in the title, published by the Gidrometeoizdat in 1977. They con-
Stitute an integrated whole. In these monographs the science of sediments
is interpreted as a complex problem, including the theory of the movement
of sediments, the methods for their in situ investigation and the processes
of formation of the geographic distribution of the runoff of sediments.

The first book examines different models of the movement of sediments and
methods for computing the transporting capacity and discharge of sediments.,
In addition to the exposition of the theoretical models, formulated by the
author himself, the book gives quite complete and objective information on
the models and computation methods developed by other schools. Cten

The exposition begins with a description of the practical significance of
the problem (Chapter 1). The author gives a definition of the channel pro-
cess, involving '"channel formation, its vertical and horizontal movements,
changes in its configuration and dimensions.” It is emphasized that "at
the basis of these processes lies the interaction between the flow and the
channel." The book clearly demonstrates the role of the Russian and Soviet
scientists in investigation of sediments and channel processes.

In the theoretical examination of the movement of suspended sediments (Chap-
‘ter 2) the author gives preference to the diffusion theory, on which the
computation schemes which are practical to use are now based. Other theor-
ies are not passed over, and in particular, the M. A, Velikanov gravita-
tional theory and those of G. I. Barenmblatt and F. I. Frankel'. There is

a thorough analysis of the conditions for initial and further movement of
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bottom sediments. The reader will obtain a full idea concerning the depend-
ences for determining the initial velocity of movement of particles and dis-
charge of entrained sediments. There is a brief exposition of the principle
of the stochastic approach to description of the motion of solid particles
in the turbulent flow. For practical workers it is of unquestionable inter-
est to examine the cited analysis of the formulas derived by different auth-
ors for characterizing ridges. Worthy of note is the semiempirical solution
of the problem of the length of ridges.

The monograph successfully generalizes (Chapter 3) different formulas for
transporting capacity. The author's method for computing the transport of
sediments is described. It is emphasized that one of the most important

forms of interaction between the flow and channel is their interexchange

of sediments. Chapter 4 is devoted to the total tramsport of sediments.

This chapter examines practical problems related to the planning of hydraulic
structures and operation of bottom-deepening channels; also described are
methods for computing the elements of bottom ridges, playing a substantial
role in the channel process.

In examining the balance of sediments (Chapter 5), the author relates chan-
nel deformations to the distribution of turbidity along the length of the
flow. Also of practical importance is the analysis of channel deformations
in the lower reaches with a change in the erosion base. The author correct-
ly emphasizes (Chapter 6) that the transport and settling of sediments in
reservoirs is determined by the structure of the currents, wind-wave pheno-
mena and the turbulence characteristics, Turbidity arising from wind and
waves and along-shore transport of sediments are covered in Chapter 7,
which examines the process of formation of the shores of reservoirs. There
is a diagram of the formation of wave and tide currents and the author gives
approximate computations of the silting and clogging of ship canals and
reservoirs,

The book RUNOFF OF SEDIMENTS, ITS STUDY AND GEOGRAPHIC DISTRIBUTION, written
by a group of specialists at the sediments laboratory State Hydrological In-
stitute, N. N. Bobrovitskaya, I. V. Bogolyubova, K. M. Zubkova, A. V. Kara-
ushev, K. N, Lisitsyna, G. A. Petukhova, K. V. Razumikhina, L. G. Tkacheva,
A. Ya. Shvartsman, systematizes the results of the many years of work at

this laboratory. To the traditional examination of the movement of sediments
in rivers and reservoirs the authors add a very important section on a matter
rarely discussed in the literature, devoted to the movement of sediments on
slopes. Thus, the present-day river system is considered as a whole from the
slopes of the basin to the river mouth. Together with an exposition of the
results obtained in the sediments laboratory, where there is need of it the
section gives detailed and objective references to the results of investiga-~
tions of other authors and groups of authors. The direction of the science of
movement of sediments headed by A, V. Karaushev is characterized by a com-
prehensive approach, involving the use and clever combining of both physico-
mathematical and geographic research methods. K
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Witer erosion on slopes, runol'f of sediment in streams and rivers and the
formation of their channels and floodplains are examined (Chapter 1) as a
uniform erosional-accumulative complex. The status of in situ observations

of sediments is discussed in Chapter 2, which describes the organization

of network observations in the USSR and as a comparison gives an evaluation
of the state of in situ study of sediments abroad. There is a thorough exposi-
tion of methods for measuring turbidity and the discharge of suspended sedi-
ments (Chapter 3). Bearing in mind the practical neads for cases of a total
absence or inadequacy of data on solid discharge, the authors (Chapter 4)
give a description of such adequately reliable methods for the indirect
determination of solid discharge as its computation on the basis of the
deposition of sediments in reservoirs and computations using the elements of
bottom ridges. A matter of practical interest is the description (Chapter 5)
of different bottom sediment samplers and laboratory methods for determiniag
the granulometric composition and density of sediments, Specific cases of

the movement of sediments in reservoirs, lower reaches and ponds are describ-
ed in Chapter 6. The authors note the need for a stationary study of the
movement of sediments in the lower pools at hydroelectric power stations

and describe the method developed for this purpose at the State Hydrolog-
ical Institute.

Chapter 7 gives methods for a quantitative estimate of water erosion and give
recommendations for the study of the runoff of sediments in runoff areas and
at hydrvometric structures. It gives a description of methods for studying
surface erosion on slopes and on irrigated lands. The parameters of the
runoff of sediments and methods for their computation are described in Chap-
ter 8. Here the authors give the dependence between the mean annual dis-
charges of sediments and water. Also examined are curves of the probability
of the annual runoff of sediments and the intraannual and intradiurnal vari-
ability of the runoff of sediments is analyzed. In examining the geograph-
ical distribution of the parameters of runoff of sediments over the territory
of the USSR (Chapter 9), the authors focus their attention on methods for
computing the runoff of sediments in the absence of observational data. The
cited maps of mean turbidity and the runoff modulus for suspended sediments
in USSR rivers are of great practical interest. In the monograph much atten-
tion is devoted to the erosional regionalization of a territory.

In the exposition (Chapter 10) of the problem of the transport of sediments
by the earth's rivers into the seas and oceans the authors devote attention
to methods for estimating the runoff of sediments from extensive territories
and give the physiographic characteristics of the continental slopes. The
monograph also examines the territorial distribution of the. characteristics
of the granulometric composition of sediments. Also given is a regionaliza-
tion of the European USSR with respect to the composition of bottom sediments.

The analysis of the hydrological factors of water erosion given in the mono-
graph (Chapter 12) is of considerable interest not only for hydrologists,
but also for soil scientists, who can make use of the classification of the
stream network and the method for computing slope erosion. The monograph
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gives graphs characterizing sheet erosion of different soils from slopes

in dependence on water runoff. Also considered is the redeposition of sedi-
ments and sheet erosion on irrigated lands. Chapter 13 devotes attention to
the peculiarities of water erosion in mountainous countries. There is an
analysis of the formation and territorial distribution of mudflows; measures
for contending with them are recommended.

Both the reviewed monographs are characterized by the fact that on each of
the considered problems there is the greatest possible, for the present time,
level of theoretical solution of the problem. However, if there is no theory
at all with respect to some problem, or if the theory has not been finalized,
on the basis of an analysis of the mechanism of the phenomenon and a consid-
eration of the existing empirical formulas recommendations are given on the
soundest of them. If this is not done, the authors give a possible method

for an approximate evaluation of the necessary characteristics. The consider-
ed monographs are characterized by coverage of a broad complex of problems
related to the movement of sediments, beginning with their formation on
slopes under the influence of water erosion and ranging through their entry
into the seas and oceans. At the same time, no consideration is given to
cases .which would not be encountered in actual practice and which frequently
are not covered in the hydrological literature.

The reviewed monographs, which incorporate and geﬁeralize numerous publica-
tions of the authors in periodic publications, should become standard ref-
erences both for specialists working at scientific research institutes and

for engineers engaged in the designing and operation of different hydraulic
structures or who are engaged in hydrological computations.
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REVIEW OF MONOGRAPH BY GEORGI MARKOV: PROGNOZIRANE NA NUZHDITE OT VODA ZA
NAPOYAVANE V MELIORATIVNITE RAYONI (PREDICTION OF THE NEEDS FOR WATER FOR
IRRIGATION IN MELIORATED REGIONS), SOFIA, INSTITUTE OF WATER PROBLEMS,
PUBLISHING HOUSE OF THE BULGARIAN ACADEMY OF SCIENCES, 1978, 128 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 p 123
[Review by Professor A. M. Alpat'yev]

[Text] The reviewed monograph is the result of more than 20 years of in-
vestigations by the well-known Bulgarian scientist Professor G. Markov

in the field of water problems in agriculture. It consists of four sec-
tions and a summary, a concise bibliography, and abstracts in the Russian
and English languages.

The first short section gives a brief exposition of the status of the prob-
" lem of predicting the meteorological elements determining the total evapor-
ation of plants. '

The second, lengthier section is devoted to a description of the method for .
predicting meteorological elements and application of the results for irri-
gation purposes. In the subsections of this part of the investigation the
author examines long- and short-range forecasting of meteorological elements
and gives systematic instructions on their use in irrigated lands for com-
putations of the current and long-term needs for water by cultivated phyto-
coenoses.

A matter of special interest in this section is the prognostic equations (re-
gression equations) for the sums of temperatures above 10°C and the sums of
the dew point spreads during the growing season, computed for 25 ameliorated
regions in northern and southern Bulgaria and later employed by the author
for computing the need of irrigated crops for water on the basis of the
evaporability index. The deviations of the predicted values from the actual-~
ly observed values in most cases did not exceed +10%.

In the third section, constituting about 50% of the entire volume of the mono-
graph, the author gives the results of experimental checking of the method
for predicting the water needs of phytocoenoses in five state irrigation
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systems in the Ruse, Petrich, Pleven, Stara Zagora and Khaskovo regions;
annual meteorological indices are cited for 40 years for the precipitation .
sums, air temperature and dew-point spread for 10-day periods and the months
April-September; on the basis of these indices for grains, lucerne, sun-
flowers, corn, sugar beets, vegetable crops and grapes it was possible to
make forecasting computations of their need for water for each month for

the April-September period, taking into account the area occupied by the
crops; the deviations of the computed data from the actually observed val-

- ues were computed. The difference in the retrospective review between the
forecasts and the actual values of the meteorological parameters, on the
basis of which the need for water was computed, did not exceed *10% in 100%
of the cases with respect to the temperature sums and in 65% of the cases
with respect to dew~point spread sums,

The basis for the investigation was the bioclimatic (biophysical) method
for computing the water need of phytocoenoses and the method for predicting
temperature and evaporability sums, used for these same purposes, developed.
by Soviet scientists. o ‘

G. Markov has creatively used these methods under the conditions prevailing

in Bulgaria and has successfully formulated and solved the problem of long-

range prediction of the need for water resources for irrigated lands, making
extensive use of electronic computers in this work.

The author has also examined the poséibilities of using a similar forecast
in the long-range planning of water resources for irrigation purposes.

This reviewed monograph by G. Markov, with its detailed methodological instruc-
tions on the sequence of individual types of work in the process of predicting
water needs for irrigated lands is, in our opinion, of unquestionable interest

for scientific and water management agencies and can be used in the current
and long-range planning of water resources in agriculture.

167

FOR OFFICIAL USE ONLY !

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY

SIXTZETH BIRTHDAY OF VERA ALEKSANDROVNA MOISEYCHIK
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 p 124

[Article by specialists of the USSR Hydrometeorological Scientific Research
Center]

[Text] Doctor of Geographical Sciences Vera Aleksandrovna Moiseychik, a
senior scientific specialist at the USSR Hydrometeorological Center, mark—
ed her 60th birthday on 4 August 1979.

Vera Aleksandrovna for more than 35 years has been carrying out active and
productive work in the agrometeorological servicing of agriculture and much
scientific work on the development of methods for agrometeorological. predic-
tion of wintering conditions for winter crops. She is one of the leading
scientists of our country in the field of agricultural meteorology.

Working from 1941 through 1948 at the Main Administration of the Agrometeor-
ological Service of the USSR Agriculure Ministry, and during 1948-1956 as
senior scientific specialist of the Central Institute of Forecasts, V. A.

" Moiseychik acquired great experience in practical work and from 1956 through
1962 headed the section of the agrometeorological forecasts service
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of the Main Administration of the Hydrometeorological Service USSR, where
she carried out much work for organizing and improving the agrometeorolog-
fcal servicing of agriculture in our country. Beginning in 1962, and through
the present time, she has been productively working as a senior scientific
specialist at the USSR Hydrometeorological Center.

In 1955 Vera Aleksandrovna successfully defended her Candidate's disserta-
tion, and in 1973 her Doctor's dissertation on the problems invoived in
evaluating and predicting the conditions for the wintering of winter crops.

Over the course of many years Vera Aleksandrovna Moiseychik has been study-
ing the laws of formation of the hydrometeorological regime in fields of
winter crops during the autumn-winter-spring period. She has studied the
agrometeorological conditions under which winter crops freeze, are ruined
by wetting and are withered. For the first time she formulated a physical-
statistical model for evaluating and predicting the conditions for the win-
tering of winter crops and has developed a method for long-range forecast-
ing of the state of winter crops in spring, which makes it possible to pre-
dict, for two or three months in advance; the area of healthy and dying
winter crops after wintering over the territory of oblasts, krays, republics
and for the USSR as a whole.

The predictions of the wintering of winter crops prepared by the Adminis-
trations of the Hydrometeorological Service and the USSR Hydrometeorolog-
ical Center by the V. A. Moiseychik method with her direct participation
have a high probable success and are used by directing and planning agen-
cies in preparations for the resowing of spring crops in spring to replace
winter grain crops which have perished.

The results of the investigations of Vera Aleksandrovna have been published
“in two major monographs, eight methodological instructions and in aids. She
has published a total of about 70 scientific works.

In addition to much scientific-production work, V. A. Moiseychik actively

participates in the public 1life of the USSR Hydrometeorological Center and

the Krasnopresnenskiy Rayon of Moscow. A member of the CPSU since 1948, she

has twice been elected a deputy of the Krasnopresnenskiy Rayon Soviet and

for many years was a propagandist and a member of the Party bureau. Since

1975 she has been chairman of the primary organization bureau of the "Znan- ) N
iye" Society at the USSR Hydrometeorological Center.

Vera Aleksandrovna has been awarded three silver medals by the All-Union Ex-
hibition of Achievements in the National Economy of the USSR, has been en-
rolled in the "Book of Honor" at the USSR Hydrometeorological Center and

was awarded the medal "For Illustrious Work During the Great Fatherland War
1941-1945" for her great work in the agrometeorological servicing of agricul-
ture and the practical introduction of scientific methods for making agro-
meteorological forecasts of the wintering of crops.

We congratulate Vera Aleksandrovna on her birthday and wish her further pro-
ductive scientific-production activity and excellent health.
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SIXTIETH BIRTHDAY OF ARKADIY IVANOVICH KOROVIN

Moscow METEOROLOGIYA I GIDROLOG;YA in Russian No 8, Aug 79 p 125

[Article by a group of comrades]

[Text] Doctor of Biological Sciences Professor Arkadiy Ivanovich Korovin,

a well-known scientist in the field of experimental agrometeorology in our
country, marked his 60th birthday on 8 March 1979.

A. I. Korovin began his work activity in 1936 as a teacher. In 1945 he grad-
uated from Perm' University, in 1949 he completed his work as a graduate
student, in 1950 successfully defended his Candidate's dissertation, and

then his Doctor's dissertation. In 1968 he was awarded the title professor.
Heading the Laboratory of Physiology and Ecology in the system of the USSR

Academy of Sciences, the section on agricultural meteorology of the Insti-
tute of Experimental Meteorology, and since 1973, the agrometeorology division
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at the All-Union Institute of Plant Cultivation, Arkadiy Ivanovich is pro-
gressively improving means and methods for determining plant reactions to
different meteorological conditions. He has carried out interesting invest-
igations in the field of the influence of soil and air temperature on the
plant nutrition process, the results of which he generalized in the book
ROL' TEMPERATURY V MINERAL'NOM PITANII RASTENIY (Role of Temperature in the
Mineral Nutrition of Plants). He established that during severe frosts, grain
crops, for example, require more calcium and sulfur and virtually dispense
with calcium, phosphorus and nitrogen; during a cooling tomatoes require
more phosphorus, legumes require molybdenum, etc. In other words, meteoro-
logical conditions, the crop and variety dictate the mineral nutrition of
plants.

A. I, Korovin has devoted much attention to study of the influence of autumn
and spring conditions on the yield of winter crops. The purpose of his studies
in this field of agrometeorological sciences is seeking methods for the rela-
tively rapid evaluation of resistance to the cold, tolerance to both frosts and
drought, and other criteria of resistance of crop plants. He proposed that
these problems be solved by the methods of modeling of the necessary meteor-
ological factors by means of technical apparatus against a background of
natural seasons of the year in light-transparent chambers.

Placing such a difficult problem before himself, Arkadiy Ivanovich has ex—
pended much effort on creating an agrometeorological complex in which a
number of methods for evaluating the reaction of varieties to different
meteorological factors are being developed. In this work direction he, in
collaboration with his students, has published the book OSENNE-VESENNIYE
USLOVIYA POGODY I UROZHAY OZIMYKH (Autumn-Spring Weather Conditions and the
Yield of Winter Crops).

The principal task that Arkadiy Ivanovich wishes to solve is an evaluation of
varieties and samples of agricultural crops with respect to agrometeorolog-
ical indices applicable to the problems of selection and agrometeorological
regionalization. For this purpose Arkadiy Ivamovich has developed a "Blank
for Agrometeorological Certification of a Variety of Agricultural Crops."

A. 1. Korovin has published a total of 160 scientific studies.

We congratulate Arkadly Ivanovich on this splendid anniversary and wish him
health and further creative successes in the development of experimental
agrometeorology.

i71

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100100036-0

FOR OFFICIAL USE ONLY

CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 126-127
[Article by Yu. G. Slatinskiy and K. P, Vasil'yev]

[Text] A conference devoted to the work of the marine shipboard network of
the Administration of the Hydrometeorological Service Ukrainian SSR was

held during the period 20-21 February 1979 in Sevastopol'. The conference
was attended by representatives of the State Committee on Hydrometeorology
and Environmental Monitoring, the organization and planning section of the
Administration of the Hydrometeorological Service Ukrainian SSR, the marine
section of the Crimean Hydrometeorological Observatory, ‘the Sevastopol'
Division of the State Oceanographic Institute, the weather bureaus of the
Black Sea and the Sea of Azov, shipboard inspectors of the marine inspector-
ates at Odessa and Opasnoye, specialists of the navigation sections of Yugryb-
promrazvedka, Yugrybkholodflot, SEKB of the Fishing Ministry and other or-
ganizations. : ‘

A study was made of the problems involved in operation of shipboard stations
e and on measures for increasing the scope and improving the quality of hy-
‘ drometeorological information received at operational-prognostic agencies
of the State Committee on Hydrometeorology.

In the reports and communications of the conferees it was noted that the hy-
drometeorological observations carried out by navigators on many vessels of
the Merchant Marine Ministry, Fishing Ministry, Ukrainian Academy of Sci-
ences and other departments, play an important role in ensuring that the
operational-prognostic agencies of the State Committee on Hydrometeorology
receive information on the weather and sea conditions in the most different
corners of the world ocean. In this connection, during the past three years
of the Tenth Five-Year Plan much has been done for improving the activity

of the shipboard network and increasing the quality of the information re-
ceived from it. At the present time the Administration of the Hydrometeor-
ological Service Ukrainian SSR has 318 shipboard stations, of which more
than 60% are on ships of the Merchant Marine Ministry. Data from 75-80 thous-
and observations are annually received from all shipboard stations at the
USSR Hydrometeorological Center, the weather bureaus of the Black Sea and -
the Sea of Azov and other prognostic agencies, Through the efforts of the
shipboard inspectors of the Odessa, Opasnoye marine inspectorates and the
Crimean Hydrometeorological Observatory it has been possible to achieve
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an appreciable reduction in the number of errors, in particular, in deter-
mining the form of the cloud cover, the type of falllng precipltation, cte.
There has been o decrease in the number of errors introduced in the coding

ol individoal types of meteorological observations. Each year shipboard inspec—
tors catry oul fngpect ions and visits to virtually all shipboard stat fons
when the ships call at their home ports. Durlng 197/-1978 afone the Inspee-

tor groups of the Administration of the Hydrometeorological Service Ukrain-
ian SSR carried out 559 inspections and visited ships on 478 occasions.

Noting definite attainments in the operation of the shipboard network, the
conferees also noted a number of unsolved problems in the activity of ship-
board stations. The checking of the ship's logs with data on the receipt of
summaries at the USSR Hydrometeorological Center, the weather bureaus of the
Black Sea and Sea of Azov and other forecasting agencies has indicated that
some of the information is not taken into account.

It was also noted that the normal operation of shipboard stations is greatly
hindered by the absence of laboratories for checking instruments at the base
ports.

An analysis of the records of inspections at shipboard stations indicates
that most of the observers have long been working without the "Abbreviated
Cloud Atlas." The operation of the shipboard stations is also hindered

by the inconvenient form of the KGM--15V journal book. The KN-09-S code is
also in need of considerable improvement.

In their addresses the conferees particularly noted the need for improving
the quality of the training of navigators in the field of hydrometeorology
and improving ‘‘he procedures for the recertification of specialists making
shipboard observations.

A conference resolution formulated a number of primary problems in improving
the operation of the shipboard network of the Administration of the Hydro-
meteorological Service Ukrainian SSR. In particular, it was resolved to

ask the State Committee on Hydrometeorology to accelerate solution of the
problem of development and standard production of new apparatus for outfitt-
ing the shipboatd stations, to examine, in collaboration with the Navy Min-
istry and Fishing Ministry, the problem of creating a permanently continuing
series of courses for enhancing the skills of navigation personnel in the
fleld of hydrometeorology and in the shortest possible time to reissue all
the necessary aids and blank materials,

kkkkk

An international seminar and conference on oceanographic production, the
system for processing data and servicing the Combined Global System of
Oceanic Stations was held in Miscow during the period 2-11 April 1979. The
seminar and conference were organized by the WMO and the Intergovernmental
Oceanographic Commission of UNESCO jointly with the TSSR State Committee
on Hydrometeorology and Environmental Monitoring.
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The purpose of the seminar and conference was:

a) to determine the sphere and effectiveness of use of presently existing

and future oceanographic production by different marine users;

b) to bring present and future production to potential groups of users and

to determine the possible economic, scientific and socilal advantages which can
can be obtained as a result of the effective use of this production in oceanic
activity;

c) to examine the oceanographic production turned out and the methods which
are used in preparing such production;

d) to determine new types of required production and also the basic data

and processing methods required in producing these products;

e) to convey to member-countries which are still not actively participating

in the Combined Global System of Oceanic Stations program information on the
economic and social advantages which can be obtained by participation in this
program;

f) to develop a plan for a "Manual on Oceanographic Production, a System for
the Collection and Processing of Data and Servicing of the Combined Global
System of Oceanic Stations";

g) to examine critically the draft of a "Glossary'" of terms used in the Combin-
ed Global System of Oceanic Stations program.

Thirty-two reports on six subjects were presented at the seminar and confer-
ence:

1) Use of existing and future production by diffevent groups of users and the
advantage obtained from this;

2) Review and evaluation of existing oceanographic production;

3) Review of methods for preparation of oceanographic production;

4) Processing of data, including quality control, standardization of methods
and processing technology;

5) Determination of the data base necessary for the preparation of oceano~
praphic products and also means for ensuring the data base;

6) Use of satellites in monitoring the ocean and use of these data in pre-
paring oceanographic production.

In the course of discussion of the reports it was noted that during a rela-~
tively short period (1972-1978) considerable successes had been attained in
carrying out the Combined Global System of Oceanic Stations program not
only in formulating observations, collection and exchange of observational
data, but also in the processing of data and on their basis preparation of
analyses and forecasts for satisfying the rapidly growing needs of practice
and science.

This seminar not only favored the establishing of contacts and exchange of
opinions among scientists of different countries on the problems relating
to the methods employed in the processing of data, the preparation of an~
alyses and foiecasts for the Combined Global System of Oceanic Stations,
but most importantly, it demonstrated what economic advantages can be ob-
tained by the countries from the Combined Global System of Oceanic Stations
program.
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In the reports devoted to the use of satellites for obtaining oceanographic
information it was convincingly demonstrated what great possibilities exist
for successful development of the Combined Global System of Oceanic Stations
Program and thereby for a more complete satisfaction of scientific and prac-—
tical needs for obtaining oceanographic data and production.

In the course of discussion of the reports, and then at a conference of the
group of experts it was decided to prepare a manual which should cover the,
following matters:

-- requirements on production and servicing;

-- organization of the system for data processing and servicing;

-— existing production and servicing;

-- methods and technology used in preparing oceanographic production;

-- form and finalization of production;

-— organization and procedure for collection and dissemination of Combined
Global System of Oceanic Stations dataj; :

—- storage and exchange of Combined Global System of Oceanic Stations data.

f

The issuance of the manual will exert a substantial influence on improvement
in the quality of production from the Combined Global System of Oceanic Sta-
tions and implementation of the program as a whole.

In conclusion there was a discussion of the "Glossary of Oceanographic Terms

Used in the Combined Global System of Oceanic Stations" prepared by I0C/WMO
experts. .
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 79 pp 127-128
[Acticle by B. I. Silkin]

[Text] As reported in SCIENCE NEWS, Vol 115, No 4, p 56, 1979, in January
1979 the New York State Academy of Sciences held a conference on the theme:
"Influence of Aerosols Ejected into the Atmosphere in the Course of Indus-
trial Activity on the State of the Environment." This conference was ad-
dressed by a scientific specialist of the School of Oceanography at the

_ University of Rhode Island (Kingston, Rhode Island) Kenneth Ron, who pre-
sented the results of study of changes in the air space of the Arctic
arising as a result of its contamination by man.

The phenomenon of so-called "arctic haze" was for the first time discovered
during flights of meteorological aircraft laboratories already in the 1950's.
However, severe climatic conditions and the difficult accessibility of the
North have long impeded study of this phenomenon, which can be compared

with known cases of smog.in the city of Cincinatti (Ohio), observed in the
1960's.

[n 1975 K. Ron and his associate J. Chu began to carry out systematic measure-
ments of atmospheric contamination in the Barrow region (extreme north of the
state of Alaska). Their first hypothesis was that the haze is caused by dust
particles of natural origin. However, later, when they discovered that the
principal component of contamination here was aerosol sulfates, that is,
long-known products of decomposition of industrial effluent, it became

clear that the cause is man's industrial activity, and not natural factors.

The final confirmation of such an opinion was the detection of vanadium in
the air samples, this being a result of the combustion of hﬁhvy types of
petroleum products frequently used for industrial purposes. It can be pos-
tulated that these elements enter the air space of Alaska from regions of
Northern Europe, since air currents' from other regions of North America,
from Japan, China and Korea, passing over the expanses of the world ocean,
are considerably purified. A study of the air masses over Alaska thereby
confirmed that the sources of contamination under definite conditions can

be situated at distances attaining 13,000 km from the place of its detection.
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The Antarctic, in comparison with the Arctic, for the time being still does
not know such a problem because the earth's southern hemisphere is charac-
terized by a considerably lesser industrialization than the northern hemi-

- sphere. In addition, the south polar continent is separated from populated
regions by a broad band of seas, passing over which the air currents to a
considerable degree lose the particles contaminating them. Finally, Antarc-
tica, in contrast to the Arctic, has a highly dissected local relief; a
considerable part of it attains elevations of about 3,000 m above sea level,
which also favors a loss of contaminating elements by air masses overcoming
these relief irregularities.

As reported in NEW SCIENTIST, Vol 78, No 1109, p 916, 1978, a tornado, being
a narrowly local and relatively short-lived phenomenon, is difficult to study
as a result of the difficulty in collecting scientific facts characterizing
it. Physical modeling of a tornado in a water basin and attempts at its
mathematical modeling until now have met with little success.

Now the studies of R. Smith (Melbourne, Victoria) and L. Leslie (Australian
Center for Mathematical Research, Melbourne) are closer to reality. The
basis for their model is the assumption that the beginning of a tornado is
a powerful upward-directed air gust within a thunderstorm cloud.

Such a gust draws air into the central part of a cloud from its peripheral
region; the entering mass acquires a spiral, rotational motion. With a de-
crease in the radius of rotation the velocity becomes greater. This leads
to an increase in the centripetal force, which continues until there is an
equalization of the forces responsible for the spiral motion of the air.
Thus, the "nucleus" of a tornado arises, having the form of a hollow ver-
tical column rotating about the ascending current at the center of the
thunderstorm cloud. Newer and newer air masses are drawn through the lower
end of this column and they also begin to experience rotational motion un-
til the column reaches the underlying earth's surface.

Tt could be expected that from this moment, deprived of receipts of new

air, the tornado begins to die. However, the computations made by R. Smith
and L. Leslie, show differently. Friction at the earth's surface slows the
velocity of rotation of the lower part of the column to such an extent that
the air from the thin surface layer even under these conditions can be suck-
ed from it. Thus, the ascending movement of the atmosphere continues and the
column continues its existence. ‘

Making use of their mathematical model, describing all these processes, the
Anstralian scientists could precisely reproduce the parameters of the spe-
cific tornado, correctly designating the dimensions of the central part of
its funnel, the wind intensity in it, the decrease in atmospheric pressure
with advance toward the center and the rate of increase in wind inténsity.
They also established that in order for a tornado to develop the initial,
upward directed gust and the primary rotational velocity, should fall in
definite, extremely narrow quantitative limits. In addition, the funnel-like
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eddy rapidly will die out if from the very beginning there is not at least
i weak rotational air movement beneath it. This also explains the fact
that few thunderstorms generate tornadoes and only a few of them reach the
earth's surface.,

A confirmation of the correctness of the Smith-Leslie models is the observa-
tions made in the United States using radar equipment, As predicted, the
formation of the funnel occurs in the middle (vertically) part of the cloud
at an altitude of 4-5 km. The lower edge of the funnel reaches the earth
approximately a half-hour thereafter.

COPYRIGHT: 'Meteorologiya i gidrologiya," 1979
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